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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 bottom-up acceleration 

3
A

. M
. H

illas et al. (1984)



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

Introduction: a bit of context
Classic bottom-up acceleration 

Observation of 290 TeV neutrino correlated 
to the blazar TXS 0506+056 by IceCube 
strengthen such scenario!
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Introduction: a bit of context
Classic bottom-up acceleration Decay or annihilation of supermassive 

particles (top-down mechanism)

The decay of massive relics (MX > 10¹¹ GeV) 
from the Early Universe may result in the 
production of UHECRs & UHE photons.

➢ X must decay in recent cosmological 
epoch or at distances < 100 Mpc from 
Earth.

➢ X must be sufficiently massive (> 10¹¹ 
GeV) to allow the decay products to 
reach UHEs.

➢ Density and decay rate must be large 
enough to generate a flux of decay 
products that can be detected.

Observation of 290 TeV neutrino correlated 
to the blazar TXS 0506+056 by IceCube 
strengthen such scenario!
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Introduction: a bit of context

UHE photons are expected from the decay of super 
massive particles and from the GZK effect (UHECRs 
interactions with radiation field).
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Introduction: a bit of context

NOT OBSERVED

INVESTIGATED BY CREDO
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Super-preshowers

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. 
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Introduction: a bit of context

Standard approach!

CREDO approach!
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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.

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

� Preshower effect as an 
indirect proof of UHE 
photons existence.

� Nearly-horizontal 
observation mode for 
gamma-ray telescopes

� Allows to retrieve excellent 
gamma/hadron separation 
→ non-standard approach!

� Pioneer study that can be 
applied to most gamma-ray 
telescopes array.
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Preshower effect
➢ 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 to 
KASCADE and Pierre Auger 
Observatory!
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A. Neronov et al., Phys. Rev (2016), astro-ph/1610.01794
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➢ 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:1811.10334): all 
energy  spectrum → extent ~ 
thousands of km at the top of 
the atmosphere.

Super-Preshower near the Sun

Sun
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Super-Preshower near the Sun

➢ Cascade development studied using Monte Carlo simulations 
with two solar magnetic field models.
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Super-Preshower near the Sun

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

Distribution of photons with energies > 1012  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 3R⊙.
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Super-Preshower near the Sun

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

Distribution of photons with energies > 1012  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 3R⊙.

Wide energy spectrum → different 

experiments can look at the same event!
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How can we search for 
extremely extended 
events?

Extremely Distributed Observatory
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Extremely Distributed Observatory

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

How?...
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Extremely Distributed Observatory

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

How?...

+ 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).

➢ 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

➢ ~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

Location of users since the launch Statistics from launch to May 17th 2019
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Extremely Distributed Observatory
Some results from the smartphone app...

Active device in one week time period

★ Day/night cycle clearly visible!

Example of analysis on data from individual users
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Spreading the word...
Citizen science and public outreach 
constitute an key aspect of CREDO’s 
strategy!
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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:
○ 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.

➢ New articles in process and first PhD thesis on the way!
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THANK YOU FOR YOUR ATTENTION!
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