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The Ultra-High-Energy Cosmic Ray mystery 

> 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 

LHC x 100 

?

 Particle physics beyond  
 the reach of colliders 

2 

CREDO 
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Motivation: typical strategy 

Typical strategy: looking for ONE shower  
 i.e. Pierre Auger Observatory, Telescope Array,    
       IceTop ....  

3000 km2 

1 km3 762 km2 

Extensive  
air shower 

 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.  

... 

Atmosphere 
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Motivation: looking for Cosmic Ray Ensambles (CRE)  

CREDO strategy: Looking for multiple air           
                                 showers correlated in time  

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

Cosmic-Ray  
Ensamble (CRE) 

Atmosphere 
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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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G.R. Smith et al., Phys. Rev. Lett. 50 (1983) 2110;177; D.J. Fegan and B. McBreen,  Phys. Rev. Lett. 51 (1983) 2341 

BSun

fi 

Ncr > 1 scenario have been reported in the literature: 

but they have not been observed repeatedly until now. 

Super massive 
particle decays  
to a very high 
energy photon 
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the atmospheric depth 

Example of CRE : Preshower near the Earth 
 Preshower: cascade of electromag- 
 netic particles 
 Typical altitude 1000 km a.s.l.,  
  Npart at the top of the Earth’s atmosphere ~100 

Preshower simulations:  
see P. Homola et al., Comput .Phys.Commun. 173 (2005) 71 

 Preshower could be difficult to detect by fluorescence cosmic ray detectors,  
 because it’s longitudinal development of air shower looks similar to the hadronic one 

Preshower 

Atmospheric depth 



Slide 7 

0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4
BDT score

0

2

4

6

8

10

12
(1

/N
)d

N
/d

x PRESHW-1300D (test)
CR background (test)

PRESHW-1300D (training)
CR background (training)

 PoS(ICRC2019)688 

 Nearly-horizontal observation mode for gamma-ray telescopes  
 located at La Palma site 

 Allows to retrieve gamma/hadron separation and search for preshower
 by Imaging Atmospheric Cherenkov Telescopes (IACTs),  
 non-standard approach! 

Ephoton= 40 EeV 
Zenith angle=86°  

> Preshower effect as an indirect proof of UHE photons existence 

Example of CRE : Preshower near the Earth 

Preshower 

CR background 
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Example of CRE : Preshower near the Sun 

Typical particle distribution at the top of atmosphere  
for 100 EeV photon interacting close to the Sun (3 R!) 

TeVs 

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

➢   > New simulations: all energy spectrum → extent ~ thousands of km 
    at the top of the atmosphere. 

PoS(ICRC2019)239 

 Sun 

N. Dhital et al., arXiv:1811.10334v2 
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Example of CRE : Preshower near the Sun 

Typical particle/energy distribution at the top of atmosphere  
for 100 EeV photon interacting close to the Sun (3 R!) 

TeVs 

N. Dhital et al., arXiv:1811.10334v2 

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

PoS(ICRC2019)239 
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PoS(ICRC2019)239 

➢   > New simulations: all energy spectrum → extent ~ thousands of km 
    at the top of the atmosphere. 
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Example of CRE : Preshower near the Sun 

Typical particle/energy distribution at the top of atmosphere  
for 100 EeV photon interacting close to the Sun (3 R!) 

TeVs 

N. Dhital et al., arXiv:1811.10334v2 

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

PoS(ICRC2019)239 
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➢   > New simulations: all energy spectrum → extent ~ thousands of km 
    at the top of the atmosphere. 
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Example of CRE : Electron entering our Galaxy 

>1 EeV electron entering the galaxy, and heading towards the Solar system, PoS(ICRC2019)239 
    CRPopa 3 simulations considering the galactic magnetic field (GMF) of Jansson&Farrar (JF12) model 

  Distribution of number of photons  
  with energies > 1 TeV landing at the Earth. 

  Positions of CRE photons  
   arriving at the Earth 

Earth 
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Cosmic-ray Extremaly Distributed Observatory 
CREDO’s main idea:  
creating a global network of particle detectors! 

How?... 
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Cosmic-ray Extremaly Distributed Observatory 

Code of application is public on GitHub: 

Different version available: 
CREDO-PC-Windows, CREDO-Desktop-Det., Raspberry-Pi,… 

 https://github.com/credo-science 

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

How?... 
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Cosmic-ray Extremaly Distributed Observatory 

+ small type of scintilator detectors, PoS(ICRC2019)428 
+ connecting existing observatories to the network 

Different version available: 
CREDO-PC-Windows, CREDO-Desktop-Det., Raspberry-Pi,... 

Code of application is public on GitHub: 
 https://github.com/credo-science 

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

How?... 
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Mobile application 
> Smartphone application developed by CREDO collaboration, PoS(ICRC2019)367  

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 ! 

*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 (∼106 M. Unger and G. Farrar,  [arXiv:1505.04777]  
are needed to reach the sensitivity comparable to the largest cosmic-rays observatories.) 

 Motivation: D. Groom, Cosmic rays and other nonsense in astronomical CCD imagers, Experimental Astronomy (2002) 14, 45 
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Mobile application: we already reach the global scale ! 

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

Statistics from launch to July  25th  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 

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

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



Slide 18 

IT resources 

The CREDO heart :)  
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Spreading the word... 

> Conferences: CREDO week,…  
   https://indico.ifj.edu.pl/event/213/ 

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

. Particle Hunters League and Marathon! 
  Not only for schools! 

July 2019: ~ 1200 participants  
                 from ~ 60 schools! 

https://credo.science/lowcyczastek/ 
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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 
○  “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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For more informations visit credo.science 

....and visit us on http://credo.science  



Slide 22 

CRE: in the literature 

 

Correlated cosmic rays?
NATM > 1?

Δt ~5 min.

Δx >= small

Year = 1981
Nobs = 32
Nexp = 1 
E = 3x1015eV

Forgotten (!) t
reasure (?) no. 1
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Correlated cosmic rays?
NATM > 1?

Δx >=250 km

Year = 1975
E > 7x1013eV

Δt ~20 s

Forgotten (!) t
reasure (?) no. 2 

CRE: in the literature 
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Area (ellipse on the Sea) 
for  FOV=3.5  deg  of about 10 - 40 km2 

(1)  Simulation of eletromagnetic                   (2)  Simulation of shower            (3)  Simulation of CTA 
       particle by interaction                                            in air                                     responce                                                  

with geomagnetic                                          at high zenith angles              
field  (Preshower effect)    

PRESHOWER            "   CORSIKA         "     Sim_telarray 
 Homola et al., 
 Computer Physics Commun. 
184 (2005), 1468213 

D. Heck,  et al., 
Report FZKA 6019 (1998) 3 

Compiled: with CURVED-EARTH, 
CHERENKOV/IACT, THIN option  

Monte Carlo simulation chain  

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

D. Heck, et al., 
FZKA Report, 6019 (1998) 

K. Bernlöhr,  
Astropart. Phys. 30 (2008), 149 

La Palma CTA array 

Primary particle 

~ 500 km 

Example of CRE : Preshower near the Earth 

 PoS(ICRC2019)688 


