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CRE and Lorentz Invariance Violation

Modified dispersion relation of a photon:

_ (1— k) - limits from gamma-ray astronomy,
E. (k) = k| 98% C.L. (Klinkhamer & Schreck, 2008):
' (1+x) 6x10%> k>-9x 107

K > 0: pair production supressed .

- more UHE photons reach Earth ©
¥ une |

e
e+
YUHE ’<: Kk = 0: ,normal” pair production
o
>/e+' k < 0: pair production enhanced
Y — (photon lifetime ~ 1 sec.!)
UHE e A -~ no UHE photons reach Earth

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




' HE Cosmic Rays, :
CRED@ Cosmic-Ray Ensembles :

..----..*.—.....---..
1
Auger i 1
ﬁ‘fger alerts sent to GCN Value-added alerts CO m m u l'l |ty
ANTARES with correlative
AMON information a
&
IceCube f’e
>
|: Multimission
Fermi -
GCN Transient FACH finds
LIGO/Virgo ITT;E?—ITES Data base correlative
information in
updates to f public archives
MAXI, INTEGRAL, real-time '
CALET, KONUS, database y
AGILE, & IPN 1
]
Other I
Legend LSST Future . HE?'SARC
_—— Surveys . mission data
TACH | | Non-NAsA | I Future | e d - .- “te- - archives and
L= == , Transient Localization " 'CRED@ other archives

Ground-Based NASA Missions

Initiative

I________.I'Secundary:

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 Multi-Messenger Astrophysics Conference,

Groningen, March 2019).

1 Cosmic-Ray s
. anomalies



Example of CRE : Preshower near the Sun

> 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.

yUHE
(e.g. 10¥%V) 0.2
0.15
i 0.1
Al 0.05
T
I‘II"‘.‘I‘ l| ," ".i"l, — 0
"'l‘ LY N
TN —0.05 8
\ AX < Earttl‘smve'l"'.'I"'n,,:‘-.,,l,l 0.1
Ilvy 1|£u 0.15
Pi ATMOQPHERE‘ . . N. Dhital et al., arXiv:1811.10334v2
" 0255407230220 10 0 10 20 30 40 50 ‘
obvious Y [km] |
(unchecked) ===,
Typical particle/energy distribution at the top of atmosphere

,between” _ :
for 100 EeV photon interacting close to the Sun (3 Rg) Slide 9



Ultra-high energy cosmic ray (UHECR) PARADIGM

Assumption trUe Q\QNon-observation\\“\‘\:\\\Assumption true " Non-existence
set A © "7 " ofUHE photons ="  setB ' of UHE phtonos

. N

Exotic models, e.g. Super Heavy Dark Matter
predicting large fractions of UHE photons on Earth

| e

ABANDONED <= - — — —

> — QUESTIOLOGY >

! L

| - * BEYOND
false DEVELOPED e false THE PARADIGM
1 (|

e | uncharted realm of

~ cosmic ray ensembles (CRE)




i e o

s i selected statlstlcs (by s Stugllk)
'3 286 288 detectlons e o o
gt 297 724 dewce plngs (sums up to 97.3;.},years Iooklng for partlcles) |
e 7811 users: Wlth at Ieast 1 detec’aon 20 -
o+ 11061 dewces
U e g teams. e
i e ' ~27 GB data storage |n JS.- - hles

- .-'fﬂD'ﬁ"‘Flrst nght in Quantum Gravnty Prewewer L
. Thefirst experlment on the CREIO mfrastructure1 e -
D https //credo suence/quantum gravnty—pr ewewer/ e



Quantum Gravity with gamma astronomy

L L L L - e 1 1 1 1 L

| a
&= | @ hitps:iwww.ucdavis.edu/news/gamma-ray-delay-may-be-sign-new-physics v C"| |Q Szukaj | B 4+ 3

UC DAVIS Quick Links

ABOUT Us ADMISSIONS ACADEMICS RESEARCH CAMPUS LIFE NEWS Q

Gamma Ray Delay May Be Sign of 'New
Physics'

elayed gamma rays from deep space may provide the first evidence for physics beyond

current theories.

The MAGIC (Major Atmospheric Gamma-ray Imaging Cherenkov) telescope found that UC_Davis Chancr_allc-r May Anr_lounce_s Emily
Galindo and Rahim Reed to Fill Interim
high-energy photons of gamma radiation from a distant galaxy arrived at Earth four minutes after Leadership Roles

lower-energy photons, although they were apparently emitted at the same time. If correct, that March 13, 2018
would contradict Einstein's theory of relativity, which says that all photons (particles of light)

must move at the speed of light.

"Everybody's very excited,” about this result, said Daniel Ferenc, a physics professor at UC Davis
and a member of the MAGIC collaboration. Ferenc cautioned that the results need to be

repeated with other gamma-ray sources and that a simpler explanation had not been ruled out.

But, "it shows that such measurements are possible,” he said.

Be the first of your friends to like this ‘ ‘
The researchers propose that the delay could be caused by photons interacting with "quantum EE it i r @ﬁ:
= -:'I't._‘:.l

an attempt to unite quantum physics and relativity at cosmic scales. - UC Davis © [ ]

foam," a type of structure of space itself. Quantum foam is predicted by quantum gravity theory,

- 4 min. delay could be the signature of a special space structure: Quantum foam
- predicted by Quantum Gravity




Quantum Gravity Previewer with a smartphone!

67708

67708

677087

677086

677085

677084

677083

677082

677081

677080

677079

677078

677077

677076

677075

677074

677073

677072

677071

677070

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...

2018-03-12 13:38:40

2018-03-12 11:44:42

2018-03-12 11:43:36

2018-03-12 11:27:53

2018-03-12 10:22:27

2018-03-12 10:16:35

2018-03-1205:05:25

2018-03-1204:47:41

2018-03-12 04:00:31

2018-03-1203:10:55

2018-03-1122:26:31

2018-03-11 22:22:45

2018-03-111%9:27:21

2018-03-11 17:5547

2018-03-1117:52:20

2018-03-11 17:51:58

2018-03-1117:14:45

2018-03-11 17:10:52

£ SM-G531F .
2018-03+12: 11:44:42 1
2018-03+3:2; 11:43:36 B

B am-rEaic &2
U106 average rate: 1/100 min

1Tmin6s

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?

E SM-L5J31F -
2018-03+%1: 22:26:31 B
2018-03+11; 22:22:45

8 sM-Go31E

018-03-3:15; 17:55:4
2018-03-3.3; 17:55:20

018-03+3:%; 17:51:5
2018-03+¥1] 17:14:45
2018-03«%1; 17:10:52

3mind6s

3 min 49 s (a triplet!)

3min53s



e 2140 TFLOPS in CPUs + 256 TFLOPS in GPUs
2232 nodes, 53568 CPU cores, 279 TB RAM
10 PB usable disk space @ 180 GB/s

} | TR

2.4 PFLOPS, #59 ON TOPS00



Cosmic-Ray Ensembles (CRE): road map

Theoretical scenarios (ongoing)
non-exotic / exotic

7

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

7

Air shower simulations (ongoing)

7

Detector response (ongoing)
v

observation / upper limits

10



Cosmic-Ray Ensembles (CRE): shortcut road map

Theoretical review (ongoing) v

:

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

:

Air shower simulations (ongoing) v
v
Detector response (ongoing) v
' unique signature
a fishing (ongoing)

observation / upper limits

11
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CRED@"

THE QUEST FOR THE UNEXPECTED

... potential and beyond

- Interdisciplinarity

12



Cosmic Rays and earthquake early warning?

Wikipedia: ,Geomagnetic reversal”

Earth outer core: Liquid (molten iron)
— geomagnetism

7

Impulse (tidal forces)
- hydrodynamics: waves

LB ; t_y'_itrrtl_l

— Mechanical wave upwards (slow, hours?)
— Electromagnetic wave (,instant”, ms)
Wikipedia: ,Health threat from cosmic rays” #

Local geomagnetic field vector changes
AND seismic effect might occur!

7

Variation of the CR rate!

betweenreversals during areversal

:l*;
| 3&, J ; ) .
| Solar Energetic Particles

T — Earthquake precursors?

13
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Workshop on Observatory Synergies for Astroparticle physics

and Geoscience

11-12 February 2019
IPGP

Europe/Paris imezone

Overview I
Timetable
Call for Abstracts
Timetable Mon 11/02 | Tue 12102 | All days
Apply for a Grant
= Print PDF Full screen Detailed view Filter
Contribution List _
09:00 Speed-of-light Seismology and Earthquake Early Warning Systems J-P Montagner et al. @’
Speaker List Amphithéatre, IPGP 08:00 - 09:20
Book of Abstracts Time and frequency transfer over telecommunication fiber networks: a new research infrastructure for P-E Pottie {ﬁ?':
) ) geoscience and astroparticle physics?
Registration
Participant List Geophysical noise in the Virgo gravitational wave antenna frene Fiori @"
Amphitheatre, IPGP 09:40 - 09:55
Venue ph
10-00 Seismic characterization of GW detector sites using an array of wireless geophones Soumen Koley @’
Information '
Amphitheaire, IPGP 09:55 - 10:10

15



Pierre Auger Observatory

CRED®:

THE QUEST FOR THE UNEXPECTED

Scientific diversity: G
PAQ sees earthquakes [by A. Saleh]

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

rate
26-28 Feb

scaler rate [Hz]

rates

Feb 26 Feb 27 Feb 28 2010

T8.8 magn.

# Increase of CR before the earthquake
» Strong drop during the earthquake

— CREDO-earthquakes task [already existing]

EO

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!

16



CREDO: astro/geo multimessenger infrastructure!

1E UNEXPECTED




Science & “external” impact

SCIENCE CONTEXT
w c“o\ces

“Iogistje . SCIENCE

Psychology, Sociology, Philosophy, Economics, Politics, ..... 18



Science: reason & faith interplay?

CIENCE

Assumptions < faith/reason

METHODOLOGY

Calculations ~ reason
Experiments <~ reason
Reports ~ reason

Interpretations ~ reason/faith

19



‘ R E D @ Success guaranteed?

THE QUEST FOR THE UNEXPECTED

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, Al, blockchain,
decentralized autonomous organizations, cryptocurrency,...) 20



Why high energy photons interesting?

- they should exist
- they should initiate large scale cascades

- detection of large scale cascades unattempted

21



Photons as cosmic rays: astrophysical scenarios
P R v 7 P ol U ol - LR e e R R LR e ]

Astrophysical scenarios

acceleration of nuclei (e.g. by shock waves)

+ ,,conventional interactions”, e.g. with CMBR

e sufficently efficent astrophysical objects difficult to find

@ small fractions of photons and neutrinos - mainly nuclei expected

999 Exotic scenarios (particle physics) 979

Decay or annihilation the early Universe relics

- hypothetic supermassive particles of energies ~10* eV

— decay to quarks and leptons —» hadronization (mainly pions)
@ large fraction of photons and neutrinos in UHCER flux

A
not the case?

22



CREDO Theatre!

CREDO Edutainment: movie trailer!

NaUkIlI SctUkl
W Krakcr\"ﬂe

M o) 021/1:30

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



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

Fundament fundamentow - wyzwanie wyzwan
Czasoprzestrzen jako scena

Gladka?

24



Fundament fundamentow - wyzwanie wyzwan
Czasoprzestrzen jako scena

Dziury?

25



Fundament fundamentow - wyzwanie wyzwan
Czasoprzestrzen jako scena

Siec¢?

26



Fundament fundamentow - wyzwanie wyzwan
Czasoprzestrzen jako scena

27



Big Wheel vs. Small Car (zespoly czastek)
jako testery sceny

Zespot promieni kosmicznych
o roznych energiach (CRE), START META
predkosc swiatta (KOSMOS) (ZIEMIA)

Czasoprzestrzen: scena na ktérej dzieje sie Wszechswiat?

28



Big Wheel vs. Small Car (zespoly czastek)
jako testery sceny

Zespot promieni kosmicznych
o roznych energiach (CRE), START META
predkosc swiatta (KOSMOS) (ZIEMIA)

Czasoprzestrzen: scena na ktérej dzieje sie Wszechswiat?
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Big Wheel vs. Small Car (zespoly czastek)
jako testery sceny

Zespot promieni kosmicznych
o roznych energiach (CRE), START META
predkosc swiatta (KOSMOS) (ZIEMIA)

Czasoprzestrzen: scena na ktérej dzieje sie Wszechswiat?
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Big Wheel vs. Small Car (zespoly czastek)
jako testery sceny

Zespot promieni kosmicznych
o roznych energiach (CRE), START META
predkosc swiatta (KOSMOS) (ZIEMIA)

Czasoprzestrzen: scena na ktérej dzieje sie Wszechswiat?

31



Big Wheel vs. Small Car (zespoly czastek)
jako testery sceny

Niska czestotliwosc - niska energia -
duza dtugosc fali (duze ,kota”),

— niska czutosc¢ na strukture
czasoprzestrzeni

Zespo6t promieni kosmicznych _ _
o zréznicowanych energiach (CRE): ~ Wysoka czestotliwosc - wysoka energia -

NOWY pomyst na testowanie krotka diugosc fali (mate ,kofa”),
struktury czasoprzestrzeni — wysoka czutoSc na strukture
czasoprzestrzeni
T~ —

S 32



CREDO attracts... also non-experts

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

icience/credodetekior/viewtopic.php?f=4&t=448&sid=31218ec49ec12392de3f15a7dBa77177 C
Re:Aplikacja CREDO DETECTOR dla Windows PC 66 mpknap
autor: mpknap » pt mar 02,2018 7:27 am Posty: 11

Rejestracja: ndz lut 11, 2018 1226 p

6.JPG (137.3 KIB) Przejrzano 18 razy
PS ik Edpjs Obmz Westes Telst Zamscmnie  Flte 30 Weltk  Okne  Por

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

33



CREDO attracts... also non-experts

- 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 y



CREDO attracts... astronomers!

& Aladin v9.0 —

File Edit Image Catalog Overlay Coverage Tool View Interop Help

O X

=

(4VNI) ellowrey owisse Ag eapl ® 1pald

BN'J}-' Location Mo astrometrical reduction x Frame|ICRS
= q@n
DSS +SDSS “2MASS “WISE “ GALEX “PLANCK * AKARI “XMM “Fermi *Gaia “Simbad “NED +
n k.,
- kL
. ] - z
b
m £
[ |
@
[ |
) 4 &, Drawing
[ | del [ S Blkimg o
|| v] A55%, SC79286 o
[ £ SC79282 o
size - —lll———
” IDDITI. . IIIL:
Example ,,dark frame” taken by
an astronomical CCD camera with cover on
= g ]

12016 UnistrafCHRS - by CDS - Distributed under GNU GPL w3

Z2zelf0 s 13ZMb k ]
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Component diagram

Redis

- caching
- rate limiting

- leaderboards

- live detection filtering (hot pixels)

credo-webapp
USEI‘ dEVi ces - handle requests with new events

MariaDB

- user data and event storage

- authorative source of truth

S3-compatible
object storage

- create New accounts - handla data export requests

- basic visualization
- send events

- data export storage

@ python + django

Other

- performance and server metrics

- request data exports

- monitoring

36



|
I

1
| [

WM,
Ml

10/15 12:00 10/16 00:00 10416 12:00 10417 00:00 10/17 12:00 10/18 00:00

Detection count

10/16 00:00 10/17 00:00 10/18 00:00 10/19 00:00 10/20 00:00

== Detections per 10m

100 milliseconds ‘

i

10 milliseconds

10/1512:00 10116 00:00 10/16 12:00 10/17 00:00 " 4 1 10/19 00:00

= Q0th == 90th

From: M. Pawlik et al, CGW'18

Requests per 10m

10/19 12:00 10/20 00:00

10/16 00:00

== Pings per 10m

[ \-'J ‘I'

I i

A

10/20 1200 10/21 0000 10/2112:00 10422 00:00

| |
L

Ping count

/18 00:00 10/19 00:00

view

detection_list
user_page
team_page

index

finished_jebs
UserRegistrationView
DataExportView

KdanninnEvnn o

Refresh every 1m

DetectionView
PingView

team_page

team_list

user_page
UserLoginView

index

user_list
InputFrameHandler
UserRegistrationView

report

10/21 00:00 10/21 12:00 10/22 00:00 ELTITLETIE]

10/20 00:00 10/21 00:00
Slowest views (95th percentile)

Time spent ~

2 seconds, 88 milliseconds
423 milliseconds
309 milliseconds
303 milliseconds
295 milliseconds
233 milliseconds
204 milliseconds

108 millicarnnde

total ~
530772.0
108240.0
10585.0
9874.0
9866.0
2373.0
1408.0
1379.0
1060.0
624.0
457.0

347.0

10/22 00:00




Disk used [Metricbeat System] Load Gauge [Metricheat System] Memory Usage Gauge [Metricbeat Sys... Inbound Traffic [Metricbeat System] Outbound Traffic [Metricbeat System]

Inbound Traffic Outbound Traffic

Disk used 5m Load Memory Usage 2 .o KBIS 5 .5 KB/S

57.53% 0.04 40.14% TotalTransferred 3.3GB TotalTransferred 28.8GB

CPU Usage [Metricbeat System)] Command rates [Metricheat MySQL]

433% > @ SELECT 3,21978
1.38% 125,000 ® INSERT 629.76
150
0% ! UPDATE 076
®irg 0% @ DELETE 0
" @ softirg 0.07%
@ iowait 017% | | soo00
Iill
A |
(,\‘-’ WA\
0 |eeeeteed
2018-10-17 00:00 2018-10-21
Redis memory usage Redis OPS
@ <) <
2 190735m8 00,000
=
- Y Iyl oo
T NN 2000000
a
3 80,000
2 143.051M8
=3
E .......... 2 000
=
S 95367MB 2
=
i o\ Ml oA o o
2
S 47esams
@ e 0 00
LN NS T T T T sonon 20,000
g
= o} 0
2018-10-16 02:00 2018-10-18 02:00 2018-10-20 02:00 . 2018-10-16 02:00 2018-10-18 02:00 2018-10-

@timestamp per 3 hours e e @timestamp per 3 hours

From: M. Pawlik et al, CGW'18



[CREDO] Detection heatmap [CREDO] Visible detections rate

50,000

-
[l . 2 ( ) (<]
| g —y | f
b MP5 ) & |
nmarf p 1
~‘-.3 E et _)‘ 40,000
30,000
-
=
3
= i 3
(¥
j -( 20,000
#_/] 10,000
& A
0

b

L ¥
e T :

20018-09-2320 8492 S0 BB 9-2 70 B09-2 SIRL BN 0-0 12280 0-03 8284 0-053R:84 0-07 284 0-052A 84 0-11 TELBN 0-1 3840 0-1 5283:84 0-1 7283:84 0-15280:80 0-271 02:00

timestamp per 12 hours

'*':, M, L7 [CREDO] Ping rate
i \5) o ) i Ligchtenstein n . ¢
- \ F P, Switzerland “ - - ™ -
. France " P : ; )
b ) 14,000
12,000
10,000
= 5000
3
/ S 6000
;
E‘ Aﬂelona 4,000
/ i 2,000
- : \
; : R S [}
v . OpenStreetiap contributors , Elastc Maps Servic 2018-09-2502:00  201809-2902:00 20181003 02:00 201810070200 20181011 02:00 201810150200  2018-10-19 02:00

timestamp per 12 hours

[CREDO] Top users (detection count) [CREDO] Top users (by on time)

User ID = Detection count - UserID = Oon time = Ping count =

8006 32,992 4980 3 months 13,868

8003 23,956 4125 3 months 13,457

6983 17,389 157 2 months 9,139

8007 14114 1163 2 months 4,288

6977 11,462 7358 a month 4708

Other 234,060 Other 5 years 302,462
333,973 6 years 347,922

From: M. Pawlik et al, CGW'18 1



R E D @ ‘ nrooted in realig
* - -
C enrooted in reality

THE QUEST FOR THE UNEXPECTED

- 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)

- Al mamangement support (large scale!)

- crowdfunded

— Participation!

Coming soon!

40



Incubator of Scientific Discoveries: vision

_--=""Incubator of Scientific

E 2

ISk D Discoveries
L 4 2
"'O GarageA \‘ ’-_----—----...
'/,' (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.

41



Quantum Gravity Previewer with a smartphone!

677087

677086

677085

677084

677083

677082

677081

677080

677079

677078

677077

677076

677075

677074

677073

677072

677071

677070

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...

2018-03-12 13:38:40

2018-03-12 11:44:42

2018-03-12 11:43:36

2018-03-12 11:27:53

2018-03-12 10:22:27

2018-03-12 10:16:35

2018-03-1205:05:25
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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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Quantum Gravity Previewer: online experiment!

Cumulative number of hit pairs (,,doublets”) within 5 min, in a single device, ~80 days
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The first experiment on CREDO infrastructure!
Running since 17.05.2018! First Light 4.10.2018!
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Quantum Gravity Previewer: online experiment!

Cumulative number of hit pairs (,,doublets”) within 5 min, in a single device
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Request zoom in, track back, investigate!
Privately, locally, and globally!

Get engaged!
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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 > 10" eV: P. Auger

1962. First EAS at 10%° eV: J. Linsley
- what and why can have so huge energies???

.... high time for a next breakthrough?
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the first paper on a CREDO scenario

status: submitted

Cosmic ray ensembles as signatures of ultra-high energy photons interacting with the

solar magnetic field

N. Dhital,'-* P. Homola,! D. Gora,! H. Wilezynksi,! K. Almeida Cheminant,' G. Bhatta,'?
T. Bretz,'* D.A. Castillo,® A. Cwikla,'® A.R. Duffy,® B. Hnatyk,!! M. Kasztelan,?
K. Kopariski,! P. Kovacs,? M. Krupinski,' V. Nazari,® M. Niedéwiecki,® K.Smelcerz,®
K. Smolek,” J. Stasielak,! O. Sushchov,! T. Wibig,” " J. Zamora-Saa,” and Z. Zimbords?
(The CREDO Collaboration)

! Institute of Nuclear Physice PAN, Cracow 31-342, Poland
! Universidad Andres Bello, Departamento de Ciencias Fisicas,
Facultad de Ciencins Eraoctas, Avenida Republica 408, Santiogo, Chile
4 National Centre for Nuclear Research, 05-400 Otwock-Swierk, Poland
 Institute for Particle and Nuclear Physics, Wigner Research Centre for Physics,
Hungarian Academy of Sciences, H-1525 Budapest, Hungary
5 Institute of Telecomputing, Foculty of Physics, Mathematics and Computer Science,
Cracow University of Technology, 31-155 Cracow, Poland
E Joint Institute for Nuclear Research, Dubna, Russia
TInstitute of Experimental and Applied Physics, Czech Technical University in Prague, Prague, Czech Republic
8 Centre for Astrophysics and Supercomputing, Swinburme University of Technology, Hawthorn, VIC 3122, Australia
? University of Eddé, Faculty of Physics and Applied Informatics, 90-236 FEdédZ, Poland
0 Cogmic Ray Laboratory, Astrophysics Division,
National Centre for Nuclenr Research, #0-558 LédZ Poland
1 Astronomical Observatory of Tams Shevchenko National University of Kyiv, Kyiv 04053, Ukraine
12 A stronomical Observatory of the Jagiellonian University, 30-2{4 Krakow, Poland
3 Omecow University of Technology, 31-155 Cracow, Poland
Y RWTH Aachen University, {11, Physikalisches Imstitut A, Aachen, Germany

Propagation of ultra-hizh energy photons in the solar magnetosphere gives rise to cascades com-
prising thousands of photons. We study the cascade development using Monte Carlo simulations
and find that the photons in the cascades are spatially extended over hundreds of kilometers as they
arrive at the top of the Earth's atmosphere. 'We compare results from simmlations which use two
models of the solar magnetic field, and show that although signatures of such cascades are different
for the models uzed, for practical detection purpose in the ground-bazed detectors, they are similar.

PACSE numbers: 02.70.Uu, 13.85.Tp, 95.85.Ry
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A chance for a unique CRE signature
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