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CRE and Lorentz Invariance Violation

Modified dispersion relation of a photon:

κ > 0: pair production supressed 
 → more UHE photons reach Earth
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κ = 0: „normal” pair production

κ < 0: pair production enhanced 
   (photon lifetime ~ 1 sec.!) 

 → no UHE photons reach Earth

 → critical importance for the UHE photon search! 
Observation of photon cascades would point to κ < 0!

limits from gamma­ray astronomy,
98% C.L. (Klinkhamer & Schreck, 2008):

6 x 10­20 > κ > ­9 x 10­16
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The CREDO potential contributions to the Time Domain Astronomy 
Coordination Hub (TACH), a new NASA initiative (the CREDO logo has been positioned in two distinct places on top
of the slide by Judith Racusin, NASA, from her invited talk at the New Era of Multi­Messenger Astrophysics Conference, 
Groningen, March 2019).
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⮚  First Light in Quantum Gravity Previewer,
     The first experiment on the CREDO infrastructure!
⮚  https://credo.science/quantum-gravity-previewer/

The CREDO Detector App, status 10th September 2019

selected statistics (by S. Stuglik)
● 3 286 288 detections
● 6 297 724 device pings (sums up to 973 years looking for particles)
● 7811 users with at least 1 detection
● 11061 devices 
● 2714 teams
● ~27 GB data storage in JSON files
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Quantum Gravity with gamma astronomy
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 → 4 min. delay could be the signature of a special space structure: Quantum foam 
 → predicted by Quantum Gravity
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Quantum Gravity Previewer with a smartphone!
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2018­03­12, 11:44:42
2018­03­12, 11:43:36

2018­03­11, 22:26:31
2018­03­11, 22:22:45

2018­03­11, 17:55:47
2018­03­11, 17:55:20

2018­03­11, 17:51:58

2018­03­11, 17:14:45
2018­03­11, 17:10:52 3 min 53 s

3 min 49 s  (a triplet!)

3 min 46 s

1 min 6 s

On­line experiment: broadcasting live at api.credo.science 
Once upon a time, and more precisely on 11/12.03.2018, at user's 106 house...

U106 average rate: 1/100 min
Expected 5min triplet rate: ~ 1/100 days
Observed 5min triplet rate: ~ 1/20 days
triplet rate excessed 5 times?
More statistics   better significance→
Correlations with space weather, geomagnetic changes?
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The CREDO heart :)



  

Cosmic­Ray Ensembles (CRE): road map   
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Theoretical scenarios (ongoing)
non­exotic / exotic

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

Air shower simulations (ongoing)

Detector response (ongoing)

observation / upper limits

✓

✓

✓

✓



  

Cosmic­Ray Ensembles (CRE): shortcut road map   
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Theoretical review (ongoing)

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

Air shower simulations (ongoing)

Detector response (ongoing)

observation / upper limits

✓

✓

unique signature 
fishing (ongoing)

✓

✓

✓
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… potential and beyond

 → interdisciplinarity
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Earth outer core: Liquid (molten iron)
 → geomagnetism

Impulse (tidal forces)
 → hydrodynamics: waves

 → Mechanical wave upwards (slow, hours?)
 → Electromagnetic wave („instant”, ms)

Local geomagnetic field vector changes
AND seismic effect might occur!

Variation of the CR rate!

Earthquake precursors?
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Wikipedia: „Geomagnetic reversal”

Wikipedia: „Health threat from cosmic rays”

Cosmic Rays and earthquake early warning?  
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Scientific diversity: GEO 

2010

 → CREDO­earthquakes task [already existing]

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

[by A. Saleh]
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Inhabitants of territories 
threatened by earthquakes
[= potential CREDO 
public egagement target]: 

2,7 billion people

Science as a service to 
the human community?

Even the smallest chance to 
save lives 

= a must check!
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CREDO: astro/geo multimessenger infrastructure!  



  

18

Science & “external” impact

SCIENCE

questi
ons

errors

„logistics”

SCIENCE CONTEXT

choices

Psychology, Sociology, Philosophy, Economics, Politics, …..
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Science: reason & faith interplay?

Calculations   ↔ reason
Experiments   ↔ reason

Reports   ↔ reason

SCIENCE

METHODOLOGY

Assumptions   ↔ faith/reason

Interpretations   ↔ reason/faith

ex
ter
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ex
ter
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im
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ct

external impact
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Mission 
NATM >= 1   scenarios + fishing / education→

Strategy 
Spread globally & grow giant   „1 million scientific community”→

Tactics
­ tools: variety of detectors / citizen science
­ users: young + old
­ training: discoverology

Potential
­ multidimensional: beyond astrophysics, beyond science

 → evokes hot keywords (big data, machine learning, AI, blockchain, 
decentralized autonomous organizations, cryptocurrency,...)

Success guaranteed?



  

Why high energy photons interesting?  

21

­ they should exist

­ they should initiate large scale cascades

­ detection of large scale cascades unattempted



  

Photons as cosmic rays: astrophysical scenarios  

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

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

not the case?

??????
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CREDO Theatre!

https://www.youtube.com/watch?v=TaKB2zhZ8j4

Trailer and Part I: CREDO YouTube, Part II: soon!

https://www.youtube.com/watch?v=TaKB2zhZ8j4
https://www.youtube.com/watch?v=TaKB2zhZ8j4


  

Fundament fundamentów ­ wyzwanie wyzwań
Czasoprzestrzeń jako scena   
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Gładka?



  

Fundament fundamentów ­ wyzwanie wyzwań
Czasoprzestrzeń jako scena   

25

Dziury?



  

Fundament fundamentów ­ wyzwanie wyzwań
Czasoprzestrzeń jako scena   

26

Sieć?



  

Fundament fundamentów ­ wyzwanie wyzwań
Czasoprzestrzeń jako scena   
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P I A N A ?



  

Big Wheel vs. Small Car (zespoły cząstek) 
jako testery sceny   

28

Zespół promieni kosmicznych 
o różnych energiach (CRE), 
prędkość światła

Czasoprzestrzeń: scena na której dzieje się Wszechświat?

START 
(KOSMOS)

META 
(ZIEMIA)



  

Big Wheel vs. Small Car (zespoły cząstek) 
jako testery sceny   
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Zespół promieni kosmicznych 
o różnych energiach (CRE), 
prędkość światła

Czasoprzestrzeń: scena na której dzieje się Wszechświat?

START 
(KOSMOS)

META 
(ZIEMIA)



  

Big Wheel vs. Small Car (zespoły cząstek) 
jako testery sceny   
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Zespół promieni kosmicznych 
o różnych energiach (CRE), 
prędkość światła

Czasoprzestrzeń: scena na której dzieje się Wszechświat?

START 
(KOSMOS)

META 
(ZIEMIA)



  

Big Wheel vs. Small Car (zespoły cząstek) 
jako testery sceny   
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Zespół promieni kosmicznych 
o różnych energiach (CRE), 
prędkość światła

Czasoprzestrzeń: scena na której dzieje się Wszechświat?

START 
(KOSMOS)

META 
(ZIEMIA)



  

Big Wheel vs. Small Car (zespoły cząstek) 
jako testery sceny   
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Niska częstotliwość - niska energia - 
duża długość fali (duże „koła”), 
→ niska czułość na strukturę 
     czasoprzestrzeni

Wysoka częstotliwość - wysoka energia - 
krótka długość fali (małe „koła”), 
→ wysoka czułość na strukturę 
     czasoprzestrzeni

Zespół promieni kosmicznych 
o zróżnicowanych energiach (CRE): 
NOWY pomysł  na testowanie 
struktury czasoprzestrzeni

CRE
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CREDO attracts... also non­experts

→ PC application to catch particles with an internet camera, 
by a 41-year old science enthusiast! 

Info & download [author: Marek Knap]: 
https://credo.science/credodetektor/viewtopic.php?f=3&t=45
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CREDO attracts... also non­experts

→ PC application: linux version working with RasperryPi! 
     By „TrueTom” 

Info [author: Tomek/TrueTom]: 
https://github.com/credo-science/Credo-detector-for-linux-desktop-and-Raspberry-Pi
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CREDO attracts... astronomers!

cosm
ic ray track

Example „dark frame” taken by 
an astronomical CCD camera with cover on
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Component diagram
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From: M. Pawlik et al, CGW'18



From: M. Pawlik et al, CGW'18
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From: M. Pawlik et al, CGW'18
39
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40

+

… as a gaming system 
enrooted in reality

- ambitious goals (spacetime structure, earthuake forewarning, biohazard alerting)
- tasks (detect, invite, educate, imagine ...)
- points (cryptocurrency: credos)
- profits (co-authorship, patent revenue, documented education/skills)
- gadgets (economy detectors, t-shirts, magnets...)
- distributed/decentralized (blockchain, cryptography)
- evolutive (self teaching, self defining)
- AI mamangement support (large scale!)
- crowdfunded

→ Participation!

Coming soon!



  

Incubator of Scientific Discoveries: vision
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Garage A
(local resources)

Resources: money, space, tools, skills, competencies, advise, ...
Projects!: team, goal, road map, budget, action, reports, continuity → discoveries!
Distributed = access to more resources = synergy = better chance for discoveries.

Garage B

Garage C

Project 1

Project 2

Project 3

Partner 
Institution
external

resources
(public/private)

Incubator of Scientific 
Discoveries 
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Quantum Gravity Previewer with a smartphone!
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2018-03-12, 11:44:42
2018-03-12, 11:43:36

2018-03-11, 22:26:31
2018-03-11, 22:22:45

2018-03-11, 17:55:47
2018-03-11, 17:55:20

2018-03-11, 17:51:58

2018-03-11, 17:14:45
2018-03-11, 17:10:52 3 min 53 s

3 min 49 s  (a triplet!)

3 min 46 s

1 min 6 s

On-line experiment: broadcasting live at api.credo.science 
Once upon a time, and more precisely on 11/12.03.2018, at user's 106 house...

U106 average rate: 1/100 min
Expected 5min triplet rate: ~ 1/100 days
Observed 5min triplet rate: ~ 1/20 days
triplet rate excessed 5 times?
More statistics → better significance
Correlations with space weather, geomagnetic changes?



  

Quantum Gravity Previewer: online experiment!

The first experiment on CREDO infrastructure! 
Running since 17.05.2018! First Light 4.10.2018!

observed
expected from random

Cumulative number of hit pairs („doublets”) within 5 min, in a single device, ~80 days

by K
evin A
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ollaboration

3σ
(significance) 
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Quantum Gravity Previewer: online experiment!

Request zoom in, track back, investigate!
Privately, locally, and globally!

Get engaged!

observed
expected from random

Cumulative number of hit pairs („doublets”) within 5 min, in a single device

by K
evin A
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ollaboration

10σ
(significance) 
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Cosmic rays... any other surprises possible?

Particles (photons) coming to Earth from Space

1912. Electroscopes discharge faster with
increasing altitude → rays of extraterrestrial 
origin: V. Hess (Nobel prize 1936). 

1932. Discovery of antimatter (positron): 
C. Anderson (Nobel prize 1936).

1937. Discovery of muons: S. Neddermeyer 
and C. Anderson → particle physics begins. 

1938. Extensive air showers (EAS) 
→ E > 1015 eV: P. Auger

1962. First EAS at 1020 eV: J. Linsley 
→ what and why can have so huge energies???

.... high time for a next breakthrough?

45
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the first paper on a CREDO scenario
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status: submitted



  

A chance for a unique CRE signature   
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t1

t2

t3

t4
t5

t6 t7

t8

1) tn - t1 < ~1 μs 
2) t1 < … < tn,

S
P

SNATM = 1 NATM > 1

Standard approach: 
cluster in space?

Non-standard approach: 
cluster in time?

: a cosmic-ray detector
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