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SINGLE CR vs. CR ENSEMBLES
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State-of-the-art approach focused on uncorrelated particles vs.

| a cascade of correlated particles |




SINGLE CR vs. CR ENSEMBLES
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Various types of ensembles of cosmic rays arriving at the Earth.
Question marks represent known or unknown physics processes at UHE.



QUEST FOR THE EXPECTED: SUPER-PRESHOWERS

Preshower:
o Cascade of EM particles produced by interaction of UHE photons with
geomagnetic field.
o Typical altitude ~ 1000 km a.s.l.
@ Npart at the top of the Earth’s atmosphere ~ 100.
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Super-preshower (SPS):
o Cascade of particles produced due to exotic/non-exotic processes.
o Typical distance of cascade development is very far.
o Npart at the top of the Earth's atmosphere >> 100.



QUEST FOR THE EXPECTED: SUPER-PRESHOWERS

Simulation using mofidied PRESHOWER:

o First studies were performed using magnetic field of the Sun modelled as
dipole field with Magnetic moment of Sun Mg = 6.87 x 102 G -cm?
(good for sanity check!).

o Dipole - quadrupole - current sheet (DQCS)model replaces it now (more
realistic than the dipole model even at larger distances from the Sun).

o Tracking of particle motion (both position and time) in solar magnetic field.

@ Inclusion of emission angles for synchrotron photons.

Dipole model DQCS model N



QUEST FOR THE EXPECTED: SUPER-PRESHOWERS

Example 1: Magnetic moment of the Sun is along its rotation axis. Primary
photon heading towards Earth travels in the Sun's equatorial plane.

200:"|'"|"'|"'|"'|"'|"'|"'|:
150 3
100E- E o Large number of
3 photons (~ 50000)
T 3 E at the top of the
=2 0 - SRR Earth's atmosphere.
N 7505_ 3]

: E e Photons  distributed
‘1005_ E over a very large
-150 - - distance along a line.

200 E L L 1 L 1 L L I:
—600 400 200 O 200 400 600 800

Y [km]

Distribution of photons (with E > 103 eV) at the top of the Earth's atmosphere.
Energy of the primary photon = 100 EeV, impact parameter = 2.5 R;,.



QUEST FOR THE EXPECTED: SUPER-PRESHOWERS

0.15 ] EfeV]
L 18 101
0.1F 18 10'® @ smaller deflec-
C 1< 10" tion of photons
0.05 3 10m !
T : 15 1072
— 0F | | =] 10 -
N g 45 10" o higher energy
“0.05F 451 B
F 15 10°
- 4
-0.1fF = 102 e photons  more
: . . . . . | B confined in the
0185260 0 10 20 30 “core region”

Y [km]

Zoomed-in, previous plot



QUEST FOR THE EXPECTED: SUPER-PRESHOWERS

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.
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Distribution of photons (with E > 103 eV) at the top of the Earth's atmosphere.

Energy of the primary photon = 100 EeV, impact parameter = 2.5 Rg,.
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QUEST FOR THE EXPECTED: SUPER-PRESHOWERS

Typical particle distribution at the ground from CORSIKA simulation of SPS.
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@ Such signatures will
be well detected by
CREDO.
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Distribution of particles at the ground weighted by energies
for SPS initiated by a 30 EeV primary photon traveling in
the Sun’s equatorial plane



QUEST FOR THE UNEXPECTED: MULTIPLE PARTICLES

Multiple correlated particles arriving at Earth from astrophysical distances.
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An example of energy-weighted ground particle distribution of two “close” s arriving
at the Earth. Primary energy of each « is 5 EeV.
Another scenario interesting for CREDO



QUEST FOR THE UNEXPECTED: CR BURSTS

Narv > 1 motivated by data! (2)

Vorume 51, NUMBER 25 PHYSICAL REVIEW LETTERS 19 DecempEr 1983

Observation of a Burst of Cosmic Rays at Energies above 7x10'? eV

D. J. Fegan and B, McBreen
Physics Department, University College Dublin, Dublin 4, Ive

and

The authors report on an Gase in the cosmic-ray shower rate
at two recording statio The event lasted for 20 5. This event was
the only one of years of observation. The duration and struc-
ture of th @ recently reported single-station cosmic-ray burst.
The s nicident event suggests that it was caused by a burst of cosmic
gamma ® a possibility that this event may be related to the largest observed

PACS numbers: 94.40.Pa, 95.85.Qx, 97.80.Jp

At~20s
PH: Correlated cosmic rays?
Natm> 1?7 Year = 1975
E > 7x10"%eV
Ax ;ﬂkm ;

Taken from Piotr’s presentation




QUEST FOR THE UNEXPECTED: CR BURSTS

Narv > 1 motivated by data! (1)

VoruMme 50, NUMBER 26 PHYSICAL REVIEW LETTERS 27 June 1983

Possible Observation of a Burst of Cosmic-Ray Events in the Form of Extensive Air Showers

Gary R. Smith, M. Ogmen, E. Buller, and S, Standil
Physics Department, University of Manitoba, Winnipeg, Manitobg

(Received 7 April 1983)
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A series or burst of 32 extensive air showers of » ¢

Q\ (\0 <7 3% 10 eV was

& 1 20 January 1981 in
nd during an experiment

~mmonths between October 1980 and

April 1982,
PACS numbers; 9

Year = 1981
Nobs = 32
Nexp = 1
E = 3x10"eV
PH: Correlated cosmic rays? At ~5 min.
Narm>1?

Ax >= small

Taken from Piotr’s presentation |




EXAMPLE: DOUBLETS IN SMARTPHONE DATA

Cosmic ray hits from user 106
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Scan of latter part of the data from timestamp 1517007600 to 1520982000
seconds for doublets in 5 minutes window — 30 doublets.
Number of intervals — 8640 & N = 525.

With a mean of 0.06 hits per interval, pgoubles = 0.0017
- Nexpected ~ 15.



EXAMPLE: DOUBLETS IN SMARTPHONE DATA

The observed rate is twice the expected!
So, what is the plausible cause for this?
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Most probably, uptime of the smartphone is not correctly accounted for
(somewhat evident from “fluctuations” seen in the above distribution).
Future update of the app will store the uptime information.



SUMMARY

e CREDO offers possibilities for exploration of various physics scenarios— both
the expected and the unexpected ones! For example:
@ Search for flares/bursts (Gora's talk) using time-clustering algorithm.
@ Search for super preshowers and N > 1 scenarios.
@ Search for space clusters.

@ Already some smartphone data is available for preliminary analysis and
sanity checks.



