Extreme Energy Events:
ohysics programme and
perspectives

F. Noferini (INFN Bologna)
On behalf of the EEE Project

] o
T (L e eona



Content of the talk

* What is “Extreme Energy Events” (EEE)?
* The EEE network and detectors

* EEE operations

* The physics programme

* Results...

*... and perspectives

For the outreach activity see also = |. Gnesi, Extreme
Energy Events: Impacts on didactic and science awareness
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The EEE network

* 46 telescopes in High Schools

« + 2 telescopes at CERN

* + 4 telescopes in INFN Units
[Bologna (2), Catania, Pisa]

 Total: 52 telescopes

* They are mostly distributed in clusters
over the whole Italian territory in 28
cities (+ Geneva)

* ... 49 High Schools in waiting list !!!

14th Feb 2017 - IPPOG - Centro Fermi 4



The EEE station
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Stations are installed in high
schools and maintained by
teacher and students

MRPC (Multigap Resistive
Plate Chamber)=> Muon
tracking and reconstruction of
primary direction

GPS - Positioning and
synchronization

DATA are collected in a central
site (INFN-CNAF)



EEE MRPC
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EEE MRPC uses the same technology as
for the ALICE-TOF detector.
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The geometry of EEE MRPC differs
from ALICE:

* 6 gaps, 300 um (nylon fishing lines)
* 82x160cm?

* 24 strips

* 144 readout channels

* Operating voltage 18-20 kV

Fully constructed CE/RW
by students at CERN \

N
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Th e E E E te | €5COo pe MRPC chambers are built by High School

1 MRPC = 24 strips students at CERN (starting from 2004)
and maintained by them under
the supervision of EEE researchers

Differential angular acceptance of Telescope

- ~50 cm

Acceptance
Q=1.6sr

d’e
dodcos(6)

o

b2 044

~. 027"

3 MRPC planes
* The trigger requires a hit signal on each end of the 3 MRPCs within a 500 ns window
e Cosmic muons are tracked & reconstructed

14th Feb 2017 - IPPOG - Centro Fermi 7



EEE stations in
High Schools

-
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The computing and data infrastructure
to interconnect EEE telescopes
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The Extreme Energy Event (EEE) experiment is devoted to the search of high-energy cosmic rays

through a network of telescopes installed in about fifty High Schools distributed throughout the Italian
territory.

One of the main goals of the project is to involve young students in a high-level scientific enterprise.
Therefore the experiment is very peculiar and requires new solutions for the data management.

Data are collected (all Schools = CNAF) and automatically reconstructed
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Run statistics

So far 48 telescopes connected

to INFN CNAF and transferring data ot

using bittorent sync

A CNAF front-end is dedicated

to receive all the data with a required {:s} 2

bandwidth of 300 kB/s

A btsync/syncthing client is installed

in each School (Win OS)
5-10 TB per year are expected

Overall statistics until now
including 4 data taking runs:
~ 37 billion cosmic rays

Today's plot of the total number of candidate tracks vs months of data acquisition

1e10 Total number of candidate tracks vs months of data acquisition
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Months of data acquisition

*Pilot run from 27-10-2014 to 14-11-2014
Run-1 from 02-03-2015 to 30-04-2015
Run-2 from 06-11-2015 to 20-05-2016
Run-3 from 01-11-2015 to 30-06-2016
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Scaled flux E*° J(E) (m?s'sr'eV'®)

Cosmic rays flux vs EEE

Equivalent c.m. energy Vs, (GeV)
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EEE telescopes collect
secondary muons coming
from primary cosmic rays
of over 101! eV

Coincidences between
telescopes allow to select
primary energies above
10> eV (thousands of TeV)
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Corsika MC simulations

x10° Mean Energy vs Distance
Multi-telescope analyses
5 events/day- s
20 events/day+ —
Multi-telescope analyses allow to
select high-energy cosmic rays.
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Muon tracking allows to

reconstruct the direction of the ey T

e correction is:
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counts/(400 ns)

counts/(125 ns)
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(2015-2016)

Coincidences at Torino

E E EExtreme Energy Events
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For the first time coincidences were observed
between two telescopes installed in High Schools
at a distance greater than 1 Km

(significance S/V(S+B) = 5.1)

The statistics used here includes also the data
acquired in the Pilot run of 2014.

-> One of the goals in 2017 is to extend such
measurements to larger distances (up to 2
Km) and then to extend the study to
telescopes located in different cities to look
for exotic (“unexpected”) high energy events




Rate vs Distance

EEE already published a
paper on coincidences
(EPJ Plus 128, 148) in
2012 up to 650 m.

A new paper isin
preparation to extend
the measurement up to
1200 m (hopefully to be
published by the end of
this year).

and ...
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counts/(400 ns)

First hint of coincidences at 1.5 km

. . E E Extreme Energy Events
Coincidences at Bologna La Scienza nelle Scuole
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... Run-3 is ongoing and the new
statistics will allow to reach larger

distances ...
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Galactic Cosmic Ray Decrease (GCRD)

Among the non-periodic intensity variations, rapid decreases of the
galactic cosmic-ray (GCR?1 flux due to solar activity (the so-called
Forbush decreases) are the most common and the most interesting

GCRD events consist of an
impressive transient change
in the cosmic-ray intensity

They are characterized by a rapid

(a few hours) intensity reduction,
followed by a slow recovery in a few
days time range

Such strong variations are probably related to solar flares and the
associated geomagnetic disturbances
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Variation [%)]

Galactic Cosmic Ray Decrease (GCRD)

Observation of the February 2011 Forbush decrease by the
EEE telescopes, Eur. Phys. J. Plus (2011) 126: 61
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First GCRD event observed with
EEE telescopes in 2011.

@ Springer

In March 2012 a GCRD event observed by the Oulu
(Finland) and Rome detectors of the Neutron Monitor
Network was also observed by 5 EEE telescopes:
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Altamura, Bologna (3), Catania.
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Upgoing events
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Few upgoing events are observed (1/2000) in EEE
telescopes.

The nature of such events is under investigation.

A fraction of them can be clearly identified as
electrons coming from muon decays (in the
floor under the telescope), looking at their time
correlation with previous events (~ 2 us).
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TDP [s]

Muon decay in EEE telescopes

A study of upward going particles with the Extreme Energy Events telescopes,
Nucl. Instrum. Meth. A 816 (2016) 142

~1/(tel. rate)

1 “““““““““““““““““““““““““““““““““““““““““““““
10" P
BT s
10 ety S
107" e e | - o T -
= ~2 us
M = , : \
- 2 1
10_5 \e /
[ N 1 T
--------------------------------- N
10—6 _________________ i i i i
7 I ... .. N D D R R
107902 04 06 08 1 12 14 16 18 2 B et Ve 4 Ty

B

prev

Distribution of the delay (TDP) between upward track and previous downward
track (parent) vs. 3 of previous track.

Telescope rate: 42 Hz
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Cosmic ray isotropy at the sub-TeV scale

Looking at the sub-TeV sky by cosmic muons detected in the EEE MRPC Telescopes,
EPJ-Plus (2015), 130:187

-

More than 100M events, collected by four EEE
telescopes, were fully reconstructed after track
guality selection.
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Fig. 11. Equatorial coordinate map summed over the available statistics from the different sites.
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EEE cosmic ray flux: projection of the sky
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What next

* Increase the number of EEE telescopes
from 50 to 100 High Schools
* Increase the statistics of two-telescope coincidences and
search for three-telescope coincidences within the same city
* Add multi-track telescope analysis in the search
* Search for coincidences of clusters of telescopes between
different cities
* Test the pointing capabilities of telescopes

-> SEARCH FOR THE UNEXPECTED ...
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Three-telescope coincidences

1350m ;.

Liceo Scientifico “G. Ferraris”

Liceo Scientifico “A. Volta”

Liceo Classico "M. D’Azeglio”
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Coincidence studies will be
extended also to the case of
three telescopes

Advantages
The energy of the primary is
expected to be higher
Background from accidental
combinations is strongly
suppressed

Disadvantages
The rate expected is much
lower than in the
two-telescope case
- more data taking needed
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The EEE Open Data Project

WHAT DONE SO FAR:
* Data monitor services provided at CNAF
(www.centrofermi.it/eee/monitor)
* Tablets to 75 EEE High Schools
(50 with + 25 without telescope)
—>Remote & continuous monitor of EEE telescopes and
access to data even for Schools without telescopes

NEXT STEP - OPEN DATA:

« To provide the basic framework for
masterclasses within the EEE Project

« To provide descriptions (metadata) and tools
(macro) for data analysis

« To provide content for educational courses for

High School students

We think we can benefit of a discussion within IPPOG
and other experiences!

CFER

——ch

E E Extreme Energy Events
La-Scienza nelle-Scuole

OPEN DATA

PORTAL



http://www.centrofermi.it/eee/monitor

Large distance correlations

Recently we focus our attention on the search for
large distance correlations.

One ambitious goal is to use the network to search
for cosmic rays correlations at very large distances
(from 10 km up to few thousand km).

Number of pairs

400
Distance between EEE telescopes (km)

600 800 1000 1200

EEE typical distances between telescopes

The observation of such large-distance
correlations would shed light on the
interaction of cosmic rays with the radiation in
the Universe (CMB radiation) or in smaller
region like our Solar system (nuclei
photodisintegration or Gerasimova and Zatsepin
effect).

primary nucleus

Schematic view of the GZ effect.

Gerasimovak ZatsepinSovietPhys jetp, 11, 899 1960
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Large distance correlation perspectives

The issue
The limitation on the surface covered by a single experiment is the
main issue in such a research.

A possible strategy
We can benefit of the large number of initiatives of the IPPOG network
- to extend the surface covered focusing on this specific
measurement

What is required?
A common network infrastructure to manage data as a unique
experiment
—> Excellent synchronization

We started to think seriously about that because we think the idea is
challenging and attractive to ask for funds
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EXTRA SLIDES
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ALICE-TOF MRPC

Cross section of double-stack MRPC
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counts/(200 ns)

counts/(100 ns)

Preliminary results from Run-1 and Run-2
(2015-2016)

E E EExlreme Energy Events
La Scienza nelle Scuole
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Coincidences were well reconstructed for several
distances between telescopes (from 15 m to 1200 m)

The width of the reconstructed peak is usually of the
order of 200-250 ns (CERN and Bologna cases differ
because of particular GPS setups)



% flux variation
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A CGRD during Run-2

Extreme Energy Events

GCRD 2015-11-07 E E | a Scienza nelle Scuole

;_ EEE: BOLO-03 + BOLO-04 + LAQU-01 + SAVO-02 + TORI-03
-~ OULU neutron mon.

0211 09/11 1611

GCRD on 7 November 2015

Muon flux decrease as observed with 5
EEE telescopes: Bologna (2), LAquila,
Savona, Torino compared to the neutron
rate from Oulu station

GCRD 2015-11.07- EEE-OULU E E Extreme Energy Events

La Scienza nelle Scucle
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Excellent correlation between Qulu and
EEE percentage flux variation
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Track denisity in high-energy showers

Corsika simulations,
Astropart. Phys. 13, 277-294 (2000)
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The lateral distributions of photons (open
circles), electrons (open squares) and

muons (open triangles) above 10 MeV energy
and muons (stars) above 1 GeV simulated with
Corsika MC

Charged particles in addition to electrons and
muons above 10 MeV energy are also plotted
(full circles)

Below the distance indicated by the red arrows
the muon density is expected to be larger than
1/m?

- multi-track events in single EEE telescopes
could allow to select
by telescope coincidences
showers of even higher energy
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