
What is
Cosmic-Ray Extremely Distributed Observatory?

N. Dhital in collaboration with K. Almeida Cheminant, D. Góra,
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Motivation

At every “corner of the Universe”, near and far, “things” exist and “stuff” are
(were) happening. At the simplest level, these may be classified as:

3 the ones which we know/understand about and,

7 the ones which we do not.

One of the main objectives of any science we do (are doing) is to put our
effort to push the item 7 towards item 3.
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Motivation
Zooming into a subset of sciences, Physics, Yeah© !!

here’s a list of some unsolved physics problems from Wikipedia

"Ultra high energy cosmic rays

Why is it that some cosmic rays appear 
to possess energies that are impossibly
high, given that there are no sufficiently 
energetic cosmic ray sources near the 
Earth? Why is it that (apparently) some 
cosmic rays emitted by distant sources 
have energies above the Greisen–
Zatsepin–Kuzmin limit?"

???
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Motivation

?

Heavy Elements:
0.03%

Neutrinos:
0.3%

Stars
0.5 %
Free Hydrogen
and Helium
4%

Dark Matter:
25%

Dark Energy:
70%

COMPOSITION OF THE COSMOS
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Motivation

Some important questions of contemporary astrophysics:

Nature of dark matter:

e.g., decay or co-annihilation → γ , otherparticles

Better understanding of UHECRs:

any UHECR we detect at the Earth a γ?
any UHE γ produced at some “corner of the Universe” even if we
are unable to detect them here?

New physics:

LIV, space-time foam?
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Motivation

no interactions / screeningγUHE Ear th
NOT OBSERVED

unexpected interactions, 
screening, ... γUHE Ear th

ELECTROMAGNETIC
CASCADES (COSMIC 
RAY ENSEMBLES)

NOT TRIED SO FAR...

Cosmic-ray research phase transition:

N = 1 −→ N> 1
Single CR −→ CRE

N: No. of CR particles correlated in time
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Motivation

Example non-exotic scenarios: Preshower and super-preshower

Preshower:
Cascade of EM particles produced by interaction of UHE-γ with
geomagnetic field.
Typical altitude ∼ 1000 km a.s.l. N ∼ 100

Super-preshower (SPS):
Cascade of EM particles produced by interaction of UHE-γ with solar
magnetic field.
Typical distance of cascade development is very far. N � 100 !! 6 / 30



Motivation

Example exotic scenario

Example exotic scenario: Lorentz invariance violation

F.R. Klinkhamer, M. Niechciol, M. Risse. arXiv:1710.02507

ALL UHE photons
initiate CRE!!!

Slide from O. Sushchov’s talk
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Single CR vs. CR Ensembles

State-of-the-art detection of cosmic rays: NATM = 1

... not to scale
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Single CR vs. CR Ensembles

Generalized detection of cosmic rays: NATM ≥ 1

  

NATM = 1 → NATM  > 1

UHECR (p, Fe)

ATMOSPHERE

UHECR ( γ→ CRC)

NATM = 1 NATM > 1

GROUND

: a cosmic-ray detector

STATISTICS → SIGNATURES
CHANCE FOR A UNIQUE SIGNATURE!

CRC
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Single CR vs. CR Ensembles
NATM > 1 motivated by observation!

 

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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Single CR vs. CR Ensembles
NATM > 1 motivated by observation!

Correlated cosmic rays?

NATM > 1?

Δx >=250 km

Year = 1975
E > 7x1013eV

Δt ~20 s

Forgotten (!) t
reasure (?) no. 2 
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Single CR vs. CR Ensembles

?

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:

Various types of CREs arriving at the Earth.
Question marks represent unknown or uncertain physics processes at UHE.
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Single CR vs. CR Ensembles

A chance for unique signature!

t1

t2

t3

t4
t5

t6 t7

t8

1) tn - t1 < ~1 μs
2) t1 < … < tn,

NATM = 1 NATM > 1

Standard approach:
cluster in space?

Non-standard approach:
cluster in time?

: a cosmic-ray detector
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CREDO: What is it?

Cosmic Ray Extremely 
Distributed Observatory

Central database/interface: access to everything for everybody

DATABASE/
INTERFACE

In short, CREDO is a global scale cosmic-ray observatory which is
accessible to all

and comprises of every type of cosmic-ray detectors possible!
More details at: http://credo.science
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CREDO: Why?

Fundamental science:

Nature of dark matter.
Better understanding of UHECRs.
Search for new physics.

Interdisciplinary studies:

Geophysics, e.g., possibility of using cosmic rays as earthquake
precursors.
Possibility of monitoring of spaceweather.

Education and outreach:

Easy access to everyone for understanding fundamental science.
Invlovement of all interested for collaborative tasks.
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CREDO Detector App

Smartphone App for cosmic ray detection developed in the Collaboration.

https://play.google.com/
store/apps/details?id=

science.credo.mobiledetector
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CREDO Detector App

Some examples of cosmic ray hits detected by CMOS sensor of smartphones.
In addition to the images of hits, other relevant information (e.g., timestamp,
geogrpahic location etc.) are also recorded.

Images of CR hits can be browsed at:
https://api.credo.science !
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CREDO Monitor

CREDO monitor is a daily automated list of tasks whose ultimate objective is
a search of Cosmic Ray Ensembles.

Get the data: Obtain detection data (cosmic ray hits) and ping data
(for detector ontime calculations).

Data update: Update of data periodically (currently once per day).

Data Preprocessing: Sorting and syncing data.

Selection/cuts: Filter out and discard artefacts in data.

Analysis: Use algorithms to look for possible CRE signatures.

Share the results: Sharing (interesting) results.

The storage, monitoring and computing tasks of CREDO are hosted by ACC
Cyfronet AGH-UST.
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CREDO Monitor
An example of Cluster in Time scenario:

What do the results look like?

● Each point correspond to one timestamp file <=> one 24h period

Slide from K. Almeida Cheminant’s talk
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CRE scenario: Super-preshower

Example non-exotic scenarios: Preshower and super-preshower

Preshower:
Cascade of EM particles produced by interaction of UHE-γ with
geomagnetic field.
Typical altitude ∼ 1000 km a.s.l. N ∼ 100

Super-preshower (SPS):
Cascade of EM particles produced by interaction of UHE-γ with solar
magnetic field.
Typical distance of cascade development is very far. N � 100 !! 20 / 30



CRE scenario: Super-preshower

SPS simulation Considerations

Development of SPS at Sun’s vicinity is analogous to the development
of preshower in geomagnetic field. Solar magnetic field is responsible
for SPS production.

When a UHE photon heading towards Earth traverses through region
close to Sun, pair production and synchrotron emission from
electron/positron created thereof will produce a cascade comprising of a
large number of photons and a few electrons/positrons.

Simulation done for two models of solar magnetic fields (dipole and
DQCS models).
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CRE scenario: Super-preshower

Example 1: Primary photon heading towards Earth travels via the Sun’s
polar region.

Large number of
photons (∼ 50000)
at the top of the
Earth’s atmosphere.

Photons distributed
over a very large
distance along a
line.

Distribution of photons (with E > 1012 eV) at the top of the Earth’s
atmosphere. Energy of the primary photon = 100 EeV,

impact parameter = 3 R�.
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CRE scenario: Super-preshower
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CRE scenario: Super-preshower
Example 2: Magnetic moment of the Sun is along its rotation axis. Primary

photon heading towards Earth passes through the Sun’s “mid-latitude” side.

Both DQCS and
Dipole models give
similar results (pho-
tons distributed
along a line).

Orientation of the
“line” depends on
the region nearby
Sun through which
primary photon
traverses.

Distribution of photons (with E > 1012 eV) at the top of the Earth’s
atmosphere. Energy of the primary photon = 100 EeV,

impact parameter = 3 R�.
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CRE scenario: Super-preshower

Typical particle distribution at the ground from CORSIKA simulation of SPS.
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Distribution of particles at the ground weighted by
energies. The SPS is initiated by a 30 EeV primary

photon traveling in the Sun’s equatorial plane

A very elongated
footprint at the
ground of a shower
initiated by SPS.

Such signatures
can be detected by
CREDO.
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CRE scenario: Super-preshower

“Footprint” at the top of the atmosphere is very extended spatially
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Footprint size as a function of impact parameter.
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CRE scenario: Super-preshower

A glance at the nearest photons at the core of the SPS at the Earth
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Distributions of separation between pair of closest photons in SPS.
Left: for SPS photons with energies 1 – 10 TeV (left). Right: > 1 EeV.

For similar process at a large distance (e.g., a neutron star):
if two nearest photons are simultaneously detected very far at earth (say

10 000 km apart, i.e, d min = 10 000 km),
CREDO’s horizon will be hundreds of Mpc.
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CRE scenario: Super-preshower

For comparison: γ− ray mean free path as a function of energy

 

?

γUHE  → γTeV

on the way to Earth?

Universe
transparent
to E<=TeV
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CRE scenario: Super-preshower

Manuscript of a collaboration paper on SPS simulation results to
be submitted to a peer-reviewed journal is ready

.. and efforts are ongoing not only on the data analysis but also on
identification and simulation of the scenarios interesting to CREDO.

29 / 30



Summary

CREDO opens a new channel to explore the Universe (CREs) and has a
wide range of potential fields it can serve (fundamental science,
interdisciplinary studies, education).

Current status:
Up and Running.
More than 2100 users and around 400 000 detections.
Work on the data analysis, detector development, simulation studies etc. are
ongoing.

Outlook:
Expansion of CREDO.
Development of Data Analysis Framework.
Science and Simulation tasks.

For more info:
Please visit https://credo.science and contribute to CREDO science
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