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Introduction: a bit of context

‘ Ultra-high energy cosmic-rays (UHECRS)

‘ > What's their composition?

> Where do they come from?

> How do they reach such tremendous energies?
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Introduction: a bit of context

Classic acceleration
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RG lobes
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Inner Structure of an Active Galaxy
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Introduction: a bit of context

are expected from the decay of super
massive particles and from the GZK effect (UHECRs
Interactions with radiation field).

upper limits 95% CL GZK proton |
[ GZK proton Il
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Niechciol for the Pierre Auger Collab., proc. of ICRC 2017
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Introduction: a bit of context

YUHE no interactions / screening E arth
—_—

ELECTROMAGNETIC
CASCADES (SUPER-
screening, ... PRESHOWERS)

unexpected interactions,

YUHE
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Super-preshowers

UHECR (p, Fe)

A single particle hits the atmosphere and
produces a single air shower that can be
reconstructed by detectors on the ground
via various channels of observation, such as
Cherenkov radiation or fluorescence light.

@ : a cosmic-ray detector
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Introduction: a bit of context

UHECR (p, Fe) | UHE Photon
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Super-preshowers

Multiple scenarios are
possible based on the ° ° °
distance between the
interaction point and
the Earth’'s atmosphere,

and the nature of the

interaction.

x> Eart i |

> Different observation
techniques can be
used for each scenario.
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Preshower effect

Top of atmosphere Gamma-ray (10 y-rays/m?yr from

PreshowerEffect @ .7 = ;=TT "- ¢
(Schematic) , P _’ R detection area about
[Erber, Rev.Mod.Phys. 38(1966)636] ~

’

Preshower effect as an
indirect proof of UHE <5 _
photons existence. ik sy,,d,,({(:., Radjation

(magnetic pair p?‘?duction) ‘\ .
. \ b} Preshdwer entgrs Atmosphere
Nearly-horizontal  Start of Air Shower
~ N

observation mode for
gamma-ray telescopes

L |
YHillas parameters
'A. M. Hillas, Proc. of 19th

Allows to retrieve excellent

gamma/hadron separation
9

Pioneer study that can be
applied to most gamma-ray
telescopes array.
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Preshower effect

cosmic rays

7, Fermi/LAT ~ ol
(Southern hemisphere) ™ <y,
v, IceCube®

A=550 nm, D,,,=4 m, N,,, =30 p.e.
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A. Neronov et al., Phys. Rev (2016), astro-ph/1610.01794

Various model of ultra-high
energy photons emission can
be tested.

New limits can be obtained on
the ultra-high energy photon
flux!

Sensitivities to UHE photons
close to KASCADE and Pierre
Auger Observatory.

Preshower effect observed by
gamma-ray telescopes in the
nearly horizontal direction could
allow to reach sensitivities to
UHE photons close  {o)
KASCADE and Pierre Auger
Observatory!
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Super-Preshower near the Sun

First calculations by W.
Bednarek (1999): low energies
not treated » extent ~ tens of
km at the top of the
atmosphere.

New simulations by N. Dhital
(2019 - arXiv:I811.10334). all
energy spectrum - extent ~
thousands of km at the top of
the atmosphere.

> Earh sz |
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Super-Preshower near the Sun

> Cascade development studied using Monte Carlo simulations ‘ ‘
with two solar magnetic field models.

(a) Dipole field (b) DQCS field

11
Particle Astrophysics in Poland - Warsaw, May 20th-21st 2019 - CREDO - K. Almeida Cheminant



Super-Preshower near the Sun

> Cascade development studied using Monte Carlo simulations
with two solar magnetic field models.

¢ €

(a) Dipole field (b) DQCS field

4 DQCS Model

+ Dipole Model
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Distribution of photons with energies > 10"? eV arriving at the top of the atmosphere. Primary photon (100 EeV) is directed
towards Earth such that the position of the closest approach has heliocentric latitude 45 and impact parameter 3Re.
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Extremely Distributed Observatory

How can we search for
extremely extended

events?
x> Eart i |
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Extremely Distributed Observatory

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

H ow?...

1) tn 't1< ~1 [LS
2)t1 < ... <tn,
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Extremely Distributed Observatory

CREDO’s main idea: creating a
global network of particle

detectors!
DID YOU KNOW THAT YOU HAVE
How? AN INTERGALACTIC
oW ... 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

1) tn - t1< ~1 pl.S
2)t1 < ... <tn,

B GETITON
® Google Play

+ connecting existing observatories to the
network
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Extremely Distributed Observatory

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).

o _ ’ > Analysis are run to search for peculiar signal
signatures.

> Users can access the data they collected and

see the results from the analysis run on their
- data.

STIMULATES CITIZEN SCIENCE !
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Extremely Distributed Observatory

Location of users since the launch

UNITED
STATES OF
AMERICA

MEXICO  CUBA
GUATEMALA
PANAMA
COLOMBIA

PERU
BRAZIL
BOLIVIA

PARAGUAY

ARGENTINA

ICELAND

FINLAND
NORW/AY,
UN.TED
KNC M
FRANGE: KAZAKHSTAN
ITALY KYRGYZSTAN
SPAIN TURKEY
MOROCCO IRAQIRAN |\ reran
EGYPT
INDIA
MALL CHAD YEMEN
SIERRA ETHIOPIA
SIERRA | NIGERIA SRETANKA
DEMOCRATIC
REPUBLIC OF
THE CONGO
MADAGASCAR
SOUTH
AFRICA

RUSSIA

MONGOLIA

SOUTH
CHINA KOREA

TAIWAN
LAOS

VIETNAM

MALAYSIA

PAPUA NEW

GUINEA Tq

AUSTRALIA

Count ZE:‘TN[

®1-68133.75

® 658,133.75 - 136,266.5

® 136,266.5 - 204,399.25
204,399.25 - 272532

Statistics from launch to May 17t" 2019

~2 917 742 detections

App running sums up to 958
years looking for particles

7395 users with at least 1
detections

10472 devices

2533 teams
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Extremely Distributed Observatory

Some results from the smartphone app...

Example of analysis on data from individual users

# of doublets in 5 min. time windows - User user_1397

Number of doublets

# of 24h ontime periods
Significance of # of doublets in data

mmmmmmmm p per hour

Active device in one week time period

# of standard deviations - sigma

* Day/night cycle clearly visible!

100
# of 24h ontime periods
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Spreading the word...

N

. tOWCY

Citizen science and public outreach AR

constitute an key aspect of CREDO's ‘ CZASTE K

strategy'

Wez udziat w wyjatkowym projekcie naukowym!

Jak dotaczyé do konkursu?

Q EurekAlert! | nvas T it Fatos s na sirovie

The Global Source for Science News ADVANCED SEARCH zainstalujcie na waszych smartfonach aplikacje CREDO Detektor
wybierajagc nazwe waszej druzyny (nazwa druzyny zgtoszona do
konkursu musi by¢ taka sama, jak przy rejestracji w aplikacji)
HOME NEWS MULTIMEDIA MEETINGS PORTALS ABOUT LOGIN REGISTER tapcie czastki promieniowania kosmicznego!

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

PUBLIC RELEASE: 4-OCT-2018

CREDO's first light: The global particle Geais

Dr. Piotr Homola Biorgc udziat w konkursie wspéttworzycie najwigkszy:na $wiecie

detector begins its collection of scientific = serreneeneds detektor promieniowania kosmicznego.
data

Zajrzyj na strone credo.science

THE HENRYK NIEWODNICZANSKI INSTITUTE OF NUCLEAR PHYSICS POLISH ACADEMY OF P
SCIENCES

Regulamin

& ® o

Now everyone can become co-creator and
co-user of the largest detector of cosmic ray
particles in history - as well as a potential co-
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
Sciences in Cracow, the "first light" of the

CREDO.SCIENCELOWCYCZASTEK/
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Conclusion

> CREDO: a unifying, global cosmic-ray project: GeV - ZeV-» completing the closest
accessible approach to GUT scale. 20 institutions representing 11 countries (USA, V4,
Australia, Russia, Mexico, etc.) are institutional members.

> Many others ongoing projects:

o Ultra-high energy photon propagation simulations with CRPropa (poster by O.
Sushchov).
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 O O O

> New articles in process and first PhD thesis on the way!
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Back-up



Smartphone camera sensor: Further Steps

Simulations of response of air shower particles with AllPix2.

o AlIPix2: A generic, open source simulation framework for Si pixel
detectors.

¢ Uses Geant4 for charge carrier deposition.

¢ Propagation of charge carriers in Si using a drift-diffusion model.

Simulation setup



Smartphone camera sensor: Further Steps

Simulations of response of air shower particles with AllPixz.

Some examples of simulated muon hits in smartphone detectors.

Simulation of response of cosmic ray particles
to the camera sensors is feasible.




Smartphone detections: calibration for air

showers and muons with scintillator plates

key work at IF) PAN: Krzysztof Gorzklewmz
Piotr Homola

ongomg/ prellmmary

"ANBERRA BE Ge BES030(Broad Enerayl
aa.%

3o (0191 | E] o ] GG = anium) + 5 plastic scinillation

Events registered simultaneously in
at least 3 different detectors
~._ =airshowers (N_  >1)

~ observed ~15000 / day
(cf. c.a. 10000 10" eV air showers
expected per m? per day, verifying with
simulations in progress - N. Dhital)



Smartphone detections: calibration for air

showers and muons with scintillator plates

key work at IF) PAN: Krzysztof GorzkleW|cz
Piotr Homola

ongoing/ preliminary

Events registered simultaneously in
the top and detectors
= air shower muons
——— observed ~400,000 / day
(compatible with background vertical muons
expected per 0.15 m? per day, data
analysis in progress - N. Dhital, P. Homola)



In the literature...

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
Physics Department, University of Manitoba, Winnipeg, Manitoba R3T 2N2, Canada
(Received 7 April 1983)

A series or burst of 32 extensive air showers of estimated mean energy 3x 10! eV was
observed within a 5-min time interval beginning at 9:55 A.M. (CST) on 20 January 1981 in
Winnipeg, Canada. This observation was the only one of its kind during an experiment
which recorded 150 000 such showers in a period of 18 months between October 1980 and
April 1982,

PACS numbers: 94.40.Pa, 94.40.Rc, 95.30,-k

Year = 1981

Nobs = 32

Nexp = 1

E = 3x10"%eV
At ~5 min.

AX >= small




