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Pay attention
to datal!

£+ PRACTICE

Give me
new data!

THEORY (M

CREDO.science |




Where to find new data? A biased view

production — (acceleration) — interactions — particle ensemble — conclusions

Laboratories (experiments)
accelerators & collinders

Investment:
~100 mid $ ~09%

Energies
<10%eV <10?eV+

Availability:

Rich Everybody
countries

Data flux:

huge small

Cosmos (observations)
accelerator & collider




free propagation — interactions — products!
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CR: under-explored field! Global

search not yet tried!

Ranges:

energy: > 10 orders of magnitude
flux: > 30 orders of magnitude

— diverse physics (sources)

— diverse detection techniques
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Flux rapidly decreases with energy (~107), S -6
Highest energies — the most demanding R
challenges: G-

E _12-

= _
- technical: = -
extremely low flux (at E=10%%eV £
1 particle / km? millenium), but now: %—133
the Pierre Auger Observatory (~3000 km?) - 21:
— scientific: _2.1:

What are Ultra-High Energy Cosmic Rays (UHECR)? ]
Where they come from? o

Solar \ €—— 1 particle/{m? s)

influence
dominates

Knee
1 particle/{m? yr')

Galactic
influence
dominates

Ankle ——
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How do they propagate?
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State-of-the-art detection of cosmic rays: Ny =1

primary
particle




Generalized detection of cosmic rays: N >=1

primary Cosmic Ray j anything + interaction
(p, Fe, ...)

Natm=1 -~ Natm >1

Cosmic-Ray
Ensemble

ATMOSPHERE

o O k §
GROUND O @) @ ®

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

O :a cosmic-ray detector




Naryv >= 1: obvious, untouched ground

CR CR CR
10 D 0
Jill AX < Earth size
AX: ~ few km > Earth size

J AX
ATMOSPHERE f ATMOSPHERE
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obvious
detection
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obvious
extinction



Narv > 1 motivated by data! (1)

VorLuMme 50, NUMBER 206 PHYSICAL REVIEW LETTERS 27 JunEe 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 sy 3% 1015 eV was
] \-

«ind 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?

i

-

AX >= small




Narv > 1 motivated by data! (2)

VorLume 51, NuMBER 25 PHYSICAL REVIEW LETTERS 19 DECEMBER 1983

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

D. J. Fegan and B, McBreen
Physics Department, Universily College Dublin, Dublin 4, Irs

and

PACS numbers: 94,40,Pa, 95.85.Qx, 97.80.Jp

PH: Correlated cosmic rays?
NATM >1?

-

AX >=250 km

At ~20 s

Year = 1975
E > 7x10"%eV
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Narvm > 1




CRE? Full energy spectrum!
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CREDO: the first N,y >= 1 observatory

Cosmic-Ray Extremely
Distributed Observatory

-;:smic Ray/
/ L

= DATABASE/
™ | INTERFACE

Central database/interface: access to everything for everybody
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Narv >= 1 mission (briefly)

Scenarios AND Fishing

Time after Temperature Energy
the Big Bang of the universe

Sx10"s 107K 10" Gev
5x10 s 107K 10" Gew
5x10 s 107K 100 Ge
5x10°s 107K 1 GeV
5x10°s 3K 107 ev

(now)



Foundation of foundations:
The spacetime

Smooth?

15



Foundation of foundations:
The spacetime

16



Astro-tests of the space-time structure

CHANDRA

X-RAY OBSERVATORY

FGST

FERMI GAMMA-RAY SPACE TELESCOPE

VERITAS Gamma Observatory

-~ maximum photon energies < 10'* eV
— testable scale of the space-time ,,grain” < 10" m

CRED®:

THE QUEST FOR THE UNEXPECTED

- maximum photon

energies in CRE (ensembles) < 10*° eV +
— Potential sensitivity to the

the space-time ,,grain” < 10*°m

17



CRE and 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)



yue travelling through the Universe: photon decay?
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Super-preshowers (SPS) from the vicinity of a star

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

(e.g. 10%°%eV)

— N. Dhital, arXiv:1908.04600
wide energy spectrum: extent
~ thousands of km

BSUN

.

| Distribution of photons at the top of the Atm |
1500

SUN SPS, 10" eV,
top of the atmosphere

1000

500

[OUT OF SCALE ]

NATM >1 06 Y ?
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y ATMOSPHERE ~1500 o006 000 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.

Narm> 1 - observable (line even 10000 km wide), not yet tried
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Detection of pBHs at the PAO

Detection of uBHs at the PAO

e Main research idea: Prepare an interface between two Monte Carlo simulators and
check, if uBH induced extensive air showers (EAS) can be separated from normal

cosmic ray EAS

ton - ai lecul
e Simulators used: BlackMax ‘ collision
(LBH evaporation) and CORSIKA i
(development of EAS) ﬂ
e Formation of uBHs assumes existence o fomstion o EE
of extra dimensions {/* \ MBH emissions
e Use longitudinal development of parton shower

i hot h
an EAS and X! .. as a separation hadronization

indicator particle decay

transformation to
laboratory frame

extensive air
shower (EAS)

Credit: Gasper Kukec, University Nova Gorica, Slovenia

BlackMax

PYTHIA or
HERWIG

BlackMax/CORSIKA
interface

CORSIKA
(stack input)

21
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THE QUEST FOR THE UNEXPECTED




International scientific collaboration:

Cosmic Ray Extremely Distributed Observatory (CREDO)

11.09.2019 Miembros oficiales de CREDO

28 institutions
12 countries
5 continents

credit: Matias Rosas, Uruguay




CREDO Memorandum of Understanding

Cosmic Ray Extremely
Distributed Observatory CRED@
(CREDO)

This multi-beneficiary Memorandum of Understanding (MoU) is
made

BETWEEN:

the Institutions named in Section 8: Signatories, henceforth
referred to as “Parties”, with the Effective Date being the date of
signing by each of the Parties,

in relation to the Project entitled

COSMIC RAY EXTREMELY DISTRIBUTED OBSERVATORY
(CREDO), henceforth referred to as “Project”.

THEREFORE, IT IS AGREED THAT:

Section 1: Background

The Parties agree to cooperate in exploring the multidisciplinary potential of a widely
distributed network of cosmic ray detectors, under the name of the Cosmic Ray
Extremely Distributed Observatory (CREDO). As an initiative of the Henryk
Niewodniczanski Institute of Nuclear Physics Polish Academy of Sciences the CREDO
concept has been under development since 30th August 2016.

Section 2: Purpose

The purpose of this MoU is to stipulate, in the context of the Project, the relationship
between the Parties. In particular, this concerns the distribution of work between the
Parties, the management of the Project and the rights and obligations of the Parties.

CREDO Memorandum of Understanding

CREDO institutional
members 1.03.2019

« Australia (2)
» (Czech Republic (2)
 Georgia (1)
 Hungary (1)
 Mexico (1)
 Nepal (1)

« Poland (12)
 Russia (1)

« Slovakia (1)
« Ukraine (2)
« Uruguay (1)
« USA (3)

24
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DID YOU KNOW THAT YOU HAVE

~ 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 or scan QR

GETITON
» Google Play

E: : %
CRED@®:  Visegrad Fund
THE QUEST FOR UNEXPECTED & ) & ’ Politechnika Krakowska
. i Tadussa Kobclusaki

uoiljedijdde ajiqow

25



https://play.google.com/store/apps/

details?id=science.credo.mobiledetector

THE QUEST FOR THE UNEXPECTED

CREDO Detector

IFJ PAN  Edukacja

| MNadzor rodzicielski

el RN NN i B - R0 S

Datektor; credo, science E Datektor; Stan

Ekstremalnie rozproszone

Datektor

ON: DZIALA

URLICHIOM EKERERYMENT

data acquisition!

26


https://play.google.com/store/apps/

CREDO Detector: examples

User: ,smph-kitkat”, https://api.credo.science/web/user/smph-kitkat/
Device: Smasung SM-G357FZ, Android 4.4.4 (KitKat)

Average detection rate: ~10/hr

(flight to Kyiv on 29.05: 60/hr :)

Example images:




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

PANAMA
COLOMBIA

PERU
BRAZIL

BOLIVIA
PARAGUAY

ARGENTINA

FINLAND
NORWAY

UN.TED
KINC M

FRKANCE KAZAKHSTAN

ALY
KYRGYZSTAN
SPAIN TURKEY

MOROCCO IRAQIRAN L, |\ ScTAN
EGYPT
INDIA

MALI CHAD YEMEN

SIERRA ETHIOPIA
TEONE | LoGeIA SRI LANKA

DEMOCRATIC
REPUBLIC OF
THE CONGO

MADAGASCAR

SOUTH
AFRICA

MONGOLIA

SOUTH
CHINA KOREA

TAIWAN

PAPUA NEW
GUINEA

NEW

Count
ZEALANI
® 1-68133.75

® 68,133.75 - 136,266.5 ‘
® 136,266.5 - 204,399.25|
204,399.25 - 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

Z prezentacji prof. Dariusza Gory, IFJ PAN
36th International Cosmic Ray Conference, Madison, USA

Slide 16




4 October 2018: CREDO's first light!

= X | [ h&ps://www.eurekalert.org/pub_releases/2018-10/thni-cfl100418.php B |

 EurekAlert! | nvs

The Global Source for Science News ADVANCED SEARCH

HOME NEWS MULTIMEDIA MEETINGS PORTALS ABOUT LOGIN REGISTER

PUBLIC RELEASE: 4-OCT-2018

CREDOQO's first light: The global particle Vet Contact

Dr. Piotr Homola

detector begins its collection of scientific pio homla@if ecu

48-126-628-341
d a ta http:/fvwww.ifj.edu.pl/?lang=en =

THE HENRYK NIEWODNICZANSKI INSTITUTE OF NUCLEAR PHYSICS POLISH ACADEMY OF
SCIENCES

E \ZI BPRINT  EEMAL Mare an this News Release
- = E-IVIA

CREDO's first light: The global

particle detector begins its
co-user of the largest detector of cosmic ray collection of scientific data

particles in history - as well as a potential co- THE HENRYK NIEWODNICZANSKI INSTITUTE OF

Now everyone can become co-creator and

discoverer. All you need is a smartphone
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
Nuclear Physics of the Polish Academy of
Sclences in Cracow, the "first light” of the

| FUMNDER

International Visegrad Fund (IVF)

xtremely Distributed

REDO) Week

29



CZASTEK

Wez udziat w wyjatkowym projekcie naukowym!

Jak detaczyé do konkursu?

m zbierz druzyne i zgtos jg na stronie cre ce/rejestra

p Fainstalujcie na waszych smartfonach aphkac;#- LREDD Det:htar
wybierajac nazwe wasze] druzyny (nazwa druzyny zgtoszona do
konkursu musi byc taka sama, jak przy rejestracji w aplikacji)
tapcie czastkl promieniowania kKosmicznego!

Konkurs organizowany jest przez Instytut Fizyki Jadrowej PAN
oraz CREDO Collaboration.

Biorac udziat w konkursie wspottworzycie najwiekszy na swiecie
detektor promieniowania Kosmicznego.
Zajrzyj na strone c

Regulamin
credo.sci

CREDO.SCIENCELOWCYCZASTEKS

[

THE QUEST FOR THE UNEXPECTED

Particle Hunters
League and Marathon!
Not only for schools!

¢
¢

30



... Particle Hunters
¢
R E D @ ¢ League and Marathon!
THE QUEST FOR THE UNEXPECTED Not only for schools!

<« C | B https://credo.science e

R E D@ 7 "l think CREDO has a unique capability of entering in and exploring a
CRED@: plElols kg
THE QUEST FOR THE UNEXPECTED  * completely uncharted realm of science.” Mikhail V. Medvedev

X1 LO Krakow 6486
ananasy z sp26krk 6249
CREDO ASP OXFORD 5093
Kwiatek 4784
sidzina 3799
CREDO 4LO KEN BB 3733
Zseo tarmow 3590
125PJasto 3443
13L0O Krakdow 2867
LazyGalactic 2857
credogosia 2773
FASOLKI 2556
Nakielanie 2506
lonisko 2385

June 2019: ~ 1200 participants from ~ 60 schools! 31
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LEAD To SmALL
DISCOVERIES
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THE ANSWER

KkNOW WHAT
QUESTION To ASK

EVEN IF YoU

CAN MAKE You
LogK RIDICULOVS.

ASKING Too
MANY QUEST|ONS
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