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Cosmic­Ray Extremely Distributed Observatory:
a tool to explore uncharted realm of science



Go global, cosmic­ray people!

Global cosmic­ray intitiative: outreach is a margin!

Strong science motivation: ASTRO / GEO / BIO / FISHING
[not only GZ! A lot more...]

Citizen science (OUTREACH 2.0 + REAL SCIENCE)
­ talk by Paweł Jagoda, Sławomir Stuglik, Mateusz Sułek 

We are all CREDO: Cosmic­Ray Extremely Distributed Observatory 
(biggest + „high schools” + desktop + smartphone clouds)

„Just” think of technicalities: 
­ get a powerful computing center involved (talk by Marek Magryś)
­ agree on data format (proposal by Krzysztof Woźniak)
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Scientific diversity: GEO 

Tectonic plates move

Inverse magnetostrictive effect

Local geomagnetic field vector
changes

Variation of the CR rate

Earthquake precursors?
2010

 → CREDO­earthquakes task [already existing]

February 27, 2010, 6h34:14 UTC, Chile: 
8.8 magnitude earthquake

[by A. Saleh]
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Scientific diversity: BIO 
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[Livescience.com, October 11, 2016]

On a Long Trip to Mars, Cosmic 
Radiation May Damage Astronauts' 
Brains

… and how can cosmic rays affect us
on Earth?

Imagine a global network of cosmic 
ray detectors and global data on EEG...
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Scientific diversity: FISHING 

Just cast the (global) cosmic­ray 
Net and see which truth gets in...
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The citizen science potential of 

see talk by Paweł Jagoda, Sławomir Stuglik, Mateusz Sułek
(undergraduate students!)



   

Citizen Science: Science must be real

CITIZEN SCIENCE IS NOT OUTREACH!

 PUBLICATIONS!

 CO­AUTHORS!
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New affiliation type: “amateur”  
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Scientific diversity: ASTRO/COSMO 
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 → millions of photons at E>TeV, 
arriving simultaneously 
at the top of the atmosphere, 
spread worldwide!

Let us hunt for coincidences!



   http://certificate.ulo.ucl.ac.uk/modules/year_one/NASA_cosmology/goals5.html
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?
?

indirect DM 
search with 

UHECR (γUHE)!

ASTRO/COSMO
focus
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"Warsaw Workshop on 
Non­Standard Dark Matter:
multicomponent scenarios 
and beyond", 

review by C. Weniger

Warsaw, 2­5.06.2016

Why 
nothing 

here

???



   

Photons as UHECR: testing astrophysical scenarios  

Bottom → Up: Astrophysical scenarios

acceleration of nuclei (e.g. by shock waves) 
+ „conventional interactions”, e.g. with CMBR  
 sufficently efficent astrophysical objects difficult to find
 small fractions of photons and neutrinos – mainly nuclei expected

Top → Down: Exotic scenarios (particle physics)

Decay or annihilation the early Universe relics 
→ hypothetic supermassive particles of energies ~1023 eV 
→ decay to quarks and leptons → hadronization (mainly pions) 
 large fraction of photons and neutrinos in UHCER flux
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DARK MATTER!



   

UHECR composition paradigm: „no photons”

At the highest energies photon fractions < 1%

 → exotic (Dark Matter) scenarios severely constrained! 

SHDM, TD, Z Burst: Gelmini et al. '08
SHDM': Ellis et al. '06

Hybrid – AUGER '11 (hybrid detector) 

Hybrid 2009 – AUGER '09 (hybrid
                         detector)

SD – AUGER '08 (surface detector)

A – AGASA '02
Y –  YAKUTSK '07
TA – Telescope Array '13

AUGER, ICRC 2011 + TA 2013

TA

TA
TA
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EXOTIC 
MODELS
OF UHECR 
ORIGIN

}



   

UHECR composition paradigm: „no photons”

At the highest energies photon fractions < 1%

 → exotic (Dark Matter) scenarios severely constrained! *) 

SHDM, TD, Z Burst: Gelmini et al. '08
SHDM': Ellis et al. '06

Hybrid – AUGER '11 (hybrid detector) 

Hybrid 2009 – AUGER '09 (hybrid
                         detector)

SD – AUGER '08 (surface detector)

A – AGASA '02
Y –  YAKUTSK '07
TA – Telescope Array '13

AUGER, ICRC 2011 + TA 2013

TA

TA
TA
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EXOTIC 
MODELS
OF UHECR 
ORIGIN

}

*) Understand well: limits apply to single photons, assume no screening eg. within exotic models 
of interactions, structure of a photon and the spacetime structure that could manifets at UHE... 
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Experimental evidence about γUHE 

no interactions / screeningγUHE Earth
NOT OBSERVED

unexpected interactions, 
screening, ... γUHE Earth

ELECTROMAGNETIC
CASCADES (SUPER­
PRESHOWERS)

NOT TRIED SO FAR...

CREDO!
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(Super­)preshowers: a must to study UHE photons

(super­)preshower: 
 → contains typically (>1000) 100 particles 
 → created at around (>10000) 1000 km a.s.l.)

 → dependence on E and B⊥ (to be seen in data?)

?

? : fundamental uncertainties
­ electrodynamics linear?
­ photon structure?
­ spacetime: extra dimensions? 



   

Classes of super­preshowers (SPS)   

?

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

Δx: small
Δt: small

Δx: large
Δt: small

?

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

Δx: small
Δt: large

?

?

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

Δx: large
Δt: large

?

?

A: B: C: D:

: Fundamental physics questions?



   

Super­preshowers on Earth: untouched ground   
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?

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

Δx: ~ few km

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

Δx > Earth size

?

obvious
extinction

obvious
detection

experimentally accessible
but still untouched, scientific 

terra incognita



   

Super­preshowers on Earth: untouched ground   
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?

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

Δx: ~ few km

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

Δx > Earth size

?

obvious
extinction

obvious
detection

EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

?

Δx < Earth size

obvious 
(unchecked)
„between”



   

Generalization of UHECR research   
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NATM = 1   N→ ATM  > 1
UHECR (p, Fe)

ATMOSPHERE

UHECR ( γ  SPS)→

NATM = 1 NATM > 1

GROUND

: a cosmic­ray detector

STATISTICS   SIGNATURES→
CHANCE FOR A UNIQUE SIGNATURE!

SPS



   

Super­preshowers road map   
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Theoretical review (ongoing)
non­exotic / exotic

SPS standalone simulations   particle distributions →
at the top of the atmosphere (ongoing)

Air shower simulations

Detector response

observation / upper limits

✓

✓



   

Non­exotic examples of “obvious” SPS between  
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EARTH

ATMOSPHERE

γ
UHE

(e.g. 1020eV)

e+e­SUN

EARTH

ATMOSPHERE
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(e.g. 1020eV)

 BSUN

[O
U

T 
O

F 
S

C
A

LE
 :]

e+e­

FAR
FAR

AWAY

NOW: with PRESHOWER NOW: with CRPROPA 
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?
?

Even more 
ways for 

indirect DM
search:

ultra­high 
energy 

photons
+

SUPER
PRESHOWERS?

­ Pierre Auger             
  Observatory
­ Telescope Array
­ CREDO
...

>1019 ... 

observa tion bo rder

UHE

"Warsaw Workshop on 
Non­Standard Dark Matter:
multicomponent scenarios 
and beyond"

review by C. Weniger

Warsaw, 2­5.06.2016

PH:



   

Super­preshowers shortcut road map   
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Theoretical review (ongoing)

SPS standalone simulations   particle distributions →
at the top of the atmosphere (ongoing)

Air shower simulations

Detector response 

observation / upper limits

✓

✓

unique signature fishing



   

A chance for a unique super­preshower signature   
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t1

t2

t3

t4
t5

t6 t7

t8

1) tn ­ t1 < ~1 μs 
2) t1 < … < tn,

SPSNATM = 1 NATM > 1

Standard approach: 
cluster in space?

Non­standard approach: 
cluster in time?

: a cosmic­ray detector



   

Super­preshowers motivated by data! (1)   

PH: Super­preshower class B? Δt ~5 min.

Δx >= small

Year = 1981
Nobs = 32
Nexp = 1 
E = 3x1015eV
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Super­preshowers: motivated by data! (2)   

PH: Super­preshower class D?

Δx >=250 km

Year = 1975
 E > 7x1013eV

Δt ~20 s
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CREDO Inauguration Meeting, 30.08.2016, INP PAS
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[47 registrants]
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CREDO Computing
Infrastructure

For Data
Storage and Processing

Pierre Auger Observatory
Baikal­GVD
Atlas CERN
MAGIC/CTA, ….

Data Access 
and 

RT Alert Interface

­ aggregated
Data Analysis

 → Science
(or Nature :)

Data Acquisition 
Interfaces

Data Export Interface
(experiment specific,

common protocol)

Sensor
Networks

by Piotr Poznański, 
CREDO PM  29

CREDO
SCHEMATIC
16.12.2016



   

CREDO letters of intent (Feb 2017)
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Alan Watson Mikhail Medvedev ASTERICS (J. Jarvis, S. Serjeant)

… and yours?



   

Summary
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Cosmic­Ray Extremely Distributed Observatory:
a tool to explore uncharted realm of science?

 „I do think CREDO has a unique capability of entering in 
and exploring a completely uncharted realm of science.”
Mikhail V. Medvedev, (2cDM author, now involved in CREDO tasks: organization, theory, publications)

„Yes, but”: Terra incognita might turn out to be a desert...

CREDO guarantee of success: 
ocean of opportunities / synergy generator under one roof (project)

CREDO­SCIENCE

CREDO­TECHNOLOGY  CREDO­INDUSTRY

CREDO­EDUCATION
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Visit credo.science...

… and contribute to CREDO science.
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CREDO ­ data format

Krzysztof Woźniak, CREDO ­ data format  

Search of pre­showers in CREDO ­ minimal information:

➢ particles detected at large distances ­ POSITION
➢ measurements correlated in time ­ TIME
➢ particles are  approximately parallel ­ DIRECTION (if available)

Identification of measurements:

experiment identification - EXPID
detector (station) identification - DETID
detector type - DETTYPE (not for all experiments necessary)

Detector activity information (in a header) - STARTTIME + ENDTIME
for proper likelihood estimations (5 hits in 10 stations may mean 
more than 10 hits in 1000 stations)
for background estimation
for data quality (idenfification of incorrectly working stations)

This list is not exhaustive, full common format has to be open to 
extensions
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CREDO ­ data format

Krzysztof Woźniak, CREDO ­ data format  

Accuracy of the values
➢ POSITION ­ GPS position accuracy is sufficient
➢ TIME ­ GPS time accuracy is sufficient, but some experiments 

may provide more precise timing
➢ DIRECTION ­ 1 degree should be sufficient

For simplicity integer values are preferable

File format
pure text file (readable by any tool, no extension possible)
json, xml (readable using appropriate libraries, easy extension)
ROOT (most suitable for analysis, extension may be 
problematic)

json or xml seems to be most useful for common full data format
ROOT (or text) can be used for actual analysis or shortened data



   

Lorentz invariance violation and super­preshowers
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ALL UHE photons
initiate 

super­preshowers!!!



   

γUHE travelling through the Universe: exotic example
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PHOTON 
SPLITTING???

HIGHER RATES IN
NONLINEAR
ELECTRODYNAMICS?

cf. Maccione & Liberati,
JCAP 08 (2008) 027

?

γUHE   → γTeV

on the way to Earth?



   

Non­exotic examples of “obvious” SPS between  
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secondary



   

Non­exotic examples of “obvious” SPS between  
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Universe
obviously 
transparent
to SPS tales
E<=TeV

!!!
[note by PH]

secondary

Full EM cascade (down to E <= TeV)



   

Sun super­preshowers: the opening angle   
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slide by Niraj Dhital, INP PAS



   

Sun super­preshowers at Auger? Simulations   

40
slide by Niraj Dhital, INP PAS



   

Sun super­preshowers: colorful air shower physics?   
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SUN SPS, 1019eV,
top of the atmosphere 

weighted by E 

slide by Niraj Dhital, INP PAS



   

Let's test the hottest DM scenario!   
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Astronomy.com, Roen Kelly

2­component flavor­mixed DM (2cDM), Δm=10­8

neutralinos, sterile neutrinos, photon and axion, …, monopoles, super­heavies  

Mikhail V. Medvedev (2010, 2014)



   

Examples of CREDO players: CRAYFIS   
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by Paweł Jagoda, AGH, since 30 Aug 2016

SMARTPHONES + APP!



   

CREDO: the first real data classification
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 → random...

Credit:
P. Jagoda (AGH)
M. Sułek (PK)
S. Stuglik (PK)



   

Examples of CREDO players: HiSPARC   
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EDUCATIO
NAL ARRAY



   

Examples of CREDO players: DECO   
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SMARTPHONES + APP!



   

Examples of CREDO players: JINR   
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EDUCATIO
NAL ARRAY



   

Examples of CREDO players: INP PAS, Krakow   
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Photo and installation 
by Konrad A. Kopański (INP PAS)



   

CREDO citizen science: Dark Universe Welcome

49

What is your vote? [a child can do this...]

Credit:
P. Jagoda (AGH)
M. Sułek (PK)
S. Stuglik (PK)



   

the simplest CREDO anaylsis: 
“SIGNAL” simulation   

Color gradient 
seen by bare eye

clear deviation
from randomness!

Middle of time 
window = 
randomness line

Good candidate
for unique
super­preshower
signature

50

alerting
potential

Credit:
P. Jagoda (AGH)
M. Sułek (PK)
S. Stuglik (PK)
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