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There have been a number of searches for non-random effects in the 
detection rate of cosmic ray showers.

Some searches found interesting ‘bursts’.  Others did not, and possibly 
found deficiencies in previous work. (see the next few slides)

In general, search strategies were not decided a priori and then there was no 
real hope of tracking trials to determine the statistical likelihood of a result.

We have tried to search with a strategy of looking for bursts, first with five 
events within 10 s, and then (in another data set) with five events in 20 s.  
The difference being the deadtime associated with data collection.

The number of events in ’burst’ selection, and its duration, were arbitrary 
but were selected a priori.

We found one exceptional event associated with a ‘burst’ and this is 
discussed.







Fractal behavior of cosmic ray time series: Chaos or stochasticity?
M. Aglietta
B. Alessandro, 
F. Arneodo, 
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This paper presents results on the fractal and statistical behavior of cosmic ray time series detected in an air shower experiment 
located at 2000‐m altitude above the underground Gran Sasso Laboratory, Italy. We consider single particles (muons), 
corresponding to primary energies of ≥10 GeV, and air showers, corresponding to primary energies of ≥80 TeV. For all time series 
the analysis indicates a clear stochastic monofractal, non‐Gaussian character; comparing these results with those obtained for 
underground muons and for neutron monitors, we conclude that these properties likely belong in general to cosmic ray time series, 
irrespective of the nature of the particles and the energies of their progenitors. In particular, the air shower time series from 
high‐energy primaries have a fractal dimension larger than the single‐muon time series originating from low‐energy primaries.

https://inspirehep.net/literature?q=a%20M.Aglietta.3
https://inspirehep.net/literature?q=a%20B.Alessandro.2
https://inspirehep.net/authors/1035682
https://inspirehep.net/literature?q=a%20L.Bergamasco.1
https://inspirehep.net/literature?q=a%20A.Campos.Fauth.1




Gamma-ray burst spectra can reach high gamma-ray energies
Abdalla et al. arXiv:1911.08961



Plan view of the ‘roof array’, the scintillators are one metre square as 
indicated to scale on the diagram.  



 The distribution of times between successive events.  The solid red line 
is the fitted exponential distribution (beginning after a spacing of 2 s to 
avoid dead time effects).  The red line fit is f(t) = 1763 x exp(-0.00599t).



 The distribution of times (seconds) covering five events 

 (300k events, 0.5 s deadtime).  



The observed distribution of ‘burst’ durations in a total dataset of

300,238 cosmic ray showers.

Here, a ‘burst’ is a succession of five events

recorded by a system with 0.5 s deadtime



 The observed distribution of ‘burst’ durations in a total dataset of 100k 
cosmic ray showers. 

 Here, a ‘burst’ is a succession of five events recorded by a system with a 
deadtime of  (1.0 +(0-1.0)) s.  The bursts at 16 and 19 covered times of 
15.553 s and 19.242 s (the ’burst’ marked 21 covered 20.931 s and did not 
pass our a priori burst length criterion).



Directions of three bursts.  

(Conservative probability of these ‘bursts’ occurring by chance is ~2*10^-5)

 Date and time (UTC) Mean RA (deg) Mean dec. (deg)

 2019 July 19  

18:48:06

25.8 +/-16 -37 +/-12

 2021 Mar 25  

04:05:16

16.5 +/-16 -55 +/-4

 2021 Sept 01  

14:30:49

173.7 +/-17 -29 +/-11



Eight events in a burst?
This (8 events) was NOT an a priori study.

2019 July 19 18:47 UTC
(8 events in total from 18:47:42 to 18:48:30
Between-event spacings 6, 18, 14, 3, 0, 6, 1 s



At the time of the eight events, the underlying rate, 
taking atmospheric pressure and local temperature 
coefficients into account, gives a mean event 
spacing of 181 s.

The local weather was not unusual.  

No rain, slightly above normal winter temperatures 
(about +2 degC).  
Calm winds.



Data and models for 300 k events.

Red line, model for spacing 137 s: 
green, model for 166 s spacing (long term average): 
blue, model for 181 s spacing (estimated at 8 event burst).  
Data points are brown for 300 k events. – note those below 100 s



Integral counts for models and data (red) versus total time for 
eight events.  

Models (based on 3 million events each): 
blue 181 s mean spacing, green 166 s mean spacing.



For fun, the eight event burst arrived a few 
hours (5.5 h) before a gravitational wave event:

2019-07-20 00:09:08 UTC accessed via GraceDB https://gracedb.ligo.org

Cosmic ray burst: RA  25.8,  dec -37  (degrees) uncertainty ~ 16 deg.



Buckland Park Air Shower array.

Data are to be examined for possible non-random 
event rates.

Data available from 1984 (second quarter) to 1989 
(second quarter).

A total  of ~ 7.5 million events. 

Buckland Park Array (P.G. Edwards et al. Aust. J. 
Phys. 1989, 42, 981)







Buckland Park event spacing distribution
data (blue), exponential (red)

12.7 s mean spacing.

An a priori burst criterion 

needs to be selected 

before further analysis.



Interpretation comments(?)

Local effects such as a primary particle break-up in the 
heliosphere seem unlikely to produce a burst of seconds 
duration.

Gamma-ray bursts can have that duration.

But (see next slide) the source must be very local to avoid 
strong attenuation due to photon-photon interactions.

On the other hand, this is not a well-studied parameter space 
and CREDO (for instance) is looking for unexpected spatial and 
temporal correlations.



Mean free path for photon-photon pair production



Concluding thoughts:

This investigation began with the intention of setting upper 
limits on the possibility of bursts at >0.1 PeV.

Unexpectedly, four possible bursts were found to satisfy a 
priori criteria.

In ~400k events.  One was, possibly, suspicious but the 
remaining three passed obvious checks.

One burst actually contained eight events and seems to be 
statistically highly unlikely (not a priori , so the confidence 
limit is unknown).

Work is continuing with further data collection and analysis of 
Buckland Park data.


