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The EEE Project €

The Extreme Energy Events (EEE) Project is
an experiment for the detection of
Extensive Air Showers.
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It is a joint scientific and educational initiative
by CENTRO FERMI in collaboration with
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The EEE Project €

&

The detection of an EAS is achieved by measuring the coincidences recorded at the different
sites of the EEE Telescopes Array. It consists of tracking detectors hosted in High Schools spread
on the Italian territory, each made of 3 Multigap Resistive Plate Chambers (MRPCs).

In 2004 |:> Pilot project: 7 towns with EEE telescopes in High Schools

In 2016 » >52 EEE telescopes across an overall area
of ~3x10°> km?
In 2017 |:> 20 new stations (10 in construction)

/4

apnine] 8ap 1T

> 48 EEE Station in school buildings
> 4 at INFN sections
> 2 at CERN

Telescopes are organized in clusters (10m -4 km d.)
and single telescope stations

10 deg Longitude
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The EEE Project: a dual role

Education instrument for students

The MRPCs are built and managed at CERN by small
teams of students and teachers.

In their schools ~ 500 students and 100 teachers are
directly involved in operating and monitoring EEE
stations, with the aim to introduce them in an

advanced physics research.
) S. Grazzi talk

Impacts in didactic and science
awareness of the Extreme Energy
Events Observatory.

Grazzi Stefano, Centro Studi e Ricerche ‘Enrico Fermi’
SIF 2017, 11-14/09/2017, Trento
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The EEE Project : a dual role o o

Energy

Scientific instrument for physicists
EEE Collaboration involves ~ 70 physicists. Many different topic in the cosmic ray physics:
Search of coincidences, Long distance correlation
Correlations to solar activity, Upgoing tracks, Large scale anisotropy, ...

As a single detector : the EEE
telescope is a high precision tracking
detector that can study the flux of
secondary cosmic muons.

As telescopes cluster: in the same
town, it aims to study the properties of
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The EEE Project: a dual role i e

Energy

Scientific instrument for physicists

EEE Collaboration involves ~ 70 physicists. Many different topic in the cosmic ray physics:
Search of coincidences, Long distance correlation

Correlations to solar activity, Upgoing tracks, Large scale anisotropy, ...
l. Gnesi talk <

The Extreme Energy Event network
Status and Perspectives
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The EEE Project: a dual role

Scientific instrument for physicists
EEE Collaboration involves ~ 70 physicists. Many different topic in the cosmic ray physics:
Search of coincidences, Long distance correlation
Correlations to solar activity, Upgoing tracks, Large scale anisotropy, ...

F. Coccetti talk

S T I I I L% 5 A I 1 I I
Monte Carlo simulation chain of the Extreme %
Energy Events Project for EAS detection T Knee 2nd Knee !t
E | -
F. Coccetti for the EEE Collaboration p *M{»*‘lq m} < | A 1
--------- oo > o LB | i
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The Multigap Resistive Plate Chambers & 7

Three MRPC Layers for tracking particles

Three Multi-Gap Resistive Plate Chambers (MRPCs) of 1.60x0.80 m?, with similar operation
characteristics to the ones built for the Time Of Flight array of the ALICE experiment

> 6 Gas Gaps: 2 vetronite panels with 5 floating glass plates, 300um spaced by fishing line
> C2H2F4(98%) and SF6 (2%) continuously fluxed by (3I/h)

r Pickup electrode strip /L

. Cathode [-HY)

, 4 Honeycomb panel
Vetronite (15 mm)

Resistive paint

Vetronite (1.5 mm)

F _‘.,._. Mylar (0.16 mm)
2 ext. glasses 5 int. E|g;gg¢‘rr 7 | 6 gas gaps g,gr,;,v: — Z};tse;naa; (g:zs; :}9 mm)
(1.9 mm) (1.1 mm) II'. |- p“ _"'l_m Fishing line E—— Internal glass (1.1 mm)
—1"'\— ;‘ _'l_l'!l". (0.3 mm) —  — External glass(1.9 mm)

Resistive paint Mylar (0.16 mm)

Vetronite

WVetronite (1.5 mm)

| —

(- . I-'-, -— H b |
Iff’f \(_ \ Pickup electrode strip \ Anode [+HV ' Asmmy o
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The EEE Telescopes =

e

THREE MULTI-GAP RESISTIVE PLATE CHAMBERS (MRPCs) of 1.60x0.80 m2, for tracking particles
6 FRONT-END BOARDS (FEAs) with 24 channels to process readout signal
VME BRIDGE. DAQ connected to a PC via USB, controlled by LabView program
1 MuLTI-TRIGGER CARD: a six-fold coincidence of both FEAs of the 3 MRPCs generates the Data
AcQuisition (DAQ) trigger
2 MuLTI-HITS TIME TO DIGITAL CONVERTERS (TDCs 128 + 64 channels) to reconstruct the particle
impact point
GPS unit provides the event time stamp (UTC time) to record and synchronize informations
VOLTAGE CONTROLS SYSTEM (VCS) in the MRPCs DC/DC Converters and FEBs
WEATHER STATION to monitor the temperature and the pressure inside and outside the telescopes
building

ooo

ooo

< Zm >

\\
\tZ

¢ gas OUT +H.V.

# 24 readout strips  2.5cm x 180 cm  (Cu)
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The EEE Telescopes =

e

THREE MULTI-GAP RESISTIVE PLATE CHAMBERS (MRPCs) of 1.60x0.80 m2, for tracking particles
6 FRONT-END BOARDS (FEAs) with 24 channels to process readout signal
VME BRIDGE. DAQ connected to a PC via USB, controlled by LabView program
1 MuLTI-TRIGGER CARD: a six-fold coincidence of both FEAs of the 3 MRPCs generates the Data
AcQuisition (DAQ) trigger
2 MuLTI-HITS TIME TO DIGITAL CONVERTERS (TDCs 128 + 64 channels) to reconstruct the particle
impact point
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The EEE Telescopes e =

Ener

(J THREe MuLTI-GAP RESISTIVE PLATE CHAMBERS (MRPCs) of 1.60x0.80 m2, for tracking particles

() 6 FRONT-END BOARDS (FEAs) with 24 channels to process readout signal

O VME BRIDGE. DAQ connected to a PC via USB, controlled by LabView program
1 MuLTI-TRIGGER CARD: a six-fold coincidence of both FEAs of the 3 MRPCs generates the Data
AcQuisition (DAQ) trigger
2 MuLTI-HITS TIME TO DIGITAL CONVERTERS (TDCs 128 + 64 channels) to reconstruct the particle
impact point

L GPS unit provides the event time stamp (UTC time) to record and synchronize informations

(J VoLTAGE CONTROLS SYSTEM (VCS) in the MRPCs DC/DC Converters and FEBs

L WEATHER STATION to monitor the temperature and the pressure inside and outside the telescopes

building
< 2m
- H.V. { gasIN
( —— - ;&; ) A
= > x | =
A L
FEA = 7 E
readout = /
[ g‘ 7 v
I gas OUT +HV.

# 24 readout strips 2.5cmx 180 cm  (Cu)

103° Congresso SIF M. P. Panetta Trento 15/09/2017 11




The EEE Telescopes AL

(J THREe MuLTI-GAP RESISTIVE PLATE CHAMBERS (MRPCs) of 1.60x0.80 m2, for tracking particles

() 6 FRONT-END BOARDS (FEAs) with 24 channels to process readout signal

O VME BRIDGE. DAQ connected to a PC via USB, controlled by LabView program

1 MuLTI-TRIGGER CARD: a six-fold coincidence of both FEAs of the 3 MRPCs generates the Data
A. Corvaglia talk

AcQuisition (DAQ) trigger
; MULTI-HITS TIME TO DIGITAL CONVERTERS (TDCs 128 + Scheda di trigger-GPS per ['Osservatorio
|mpa_ct pom.t ) ) Extreme Energy Events

L GPS unit provides the event time stamp (UTC time) tg

L) VoLTAGE CONTROLS SYSTEM (VCS) in the MRPCs DC/DC C A. Corvaglia for the EEE Collaboration

LJ WEATHER STATION to monitor the temperature and the pressure inside and outside the telescopes

building
< 2m
- H.V. E gas IN

A

|

FEA
readout

! gas OUT/ +H.V.

# 24 readout strips 2.5cm x 180 cm  (Cu)
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The EEE Telescopes =

€ =

THREE MULTI-GAP RESISTIVE PLATE CHAMBERS (MRPCs) of 1.60x0.80 m2, for tracking particles
6 FRONT-END BOARDS (FEAs) with 24 channels to process readout signal
VME BRIDGE. DAQ connected to a PC via USB, controlled by LabView program
1 MuLTI-TRIGGER CARD: a six-fold coincidence of both FEAs of the 3 MRPCs generates the Data
AcQuisition (DAQ) trigger
2 MuLTI-HITS TIME TO DIGITAL CONVERTERS (TDCs 128 + 64 channels) to reconstruct the particle
impact point
GPS unit provides the event time stamp (UTC time) to record and synchronize informations
VOLTAGE CONTROLS SYSTEM (VCS) in the MRPCs DC/DC Converters and FEBs
WEATHER STATION to monitor the temperature and the pressure inside and outside the telescopes
building :
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ooo
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Freon 98% / SF 2% LY HV/LV Controller
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The EEE Telescopes =

E E‘ Even
U THREE MULTI-GAP RESISTIVE PLATE CHAMBERS (MRPCs) of 1.60x0.80 m2, for tracking particles
U 6 FRONT-END BOARDS (FEAs) with 24 channels to process readout signal Data are sent to CNAF to be
O VME BRIDGE. DAQ connected to a PC via USB, controlled by LabView program stored, reconstructed and
1 MuLTI-TRIGGER CARD: a six-fold coincidence of both FEAs of the 3 MRPCs generates the Data | d
AcQuisition (DAQ) trigger analyse
2 MuLTI-HITS TIME TO DIGITAL CONVERTERS (TDCs 128 + 64 channels) to reconstruct the particle
impact point
U GPS unit provides the event time stamp (UTC time) to record and synchronize informations
U VOLTAGE CONTROLS SYSTEM (VCS) in the MRPCs DC/DC Converters and FEBs
U WEATHER STATION to monitor the temperature and the pressure inside and outside the telescopes

building

-

Multi-gap RPC
T : Gas Cabinet

v’f

LV/HV Voltae Control S stem —=—— ——
I — DC/DC Converter Box
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Run : the coordinate DATA acquisition

Since November 2014

1e10 Total number of candidate tracks vs months of data acquisition
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Progetto Extreme Energy Events - La Scienza nelle Scuole
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15 billions * 25 billions tracks
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Study of the EEE MRPC Telescopes
Performance
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Single MRP Chamber
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MRPC Telescopes o s

At CNAF where an all data reconstruction algorithm is
applied to all telescopes raw data.

Tracking procedure: “"Good” events are selected by quality
cuts: lowest %2, track length, ToF

The particle impact point is reconstructed by :

> the fired strip (Y) XA )
» the difference of signal arrival times at the strip ends

measured by TDCs (X)

. TLeft o Tright

x - ‘\\
2vD rift
lj | "

The impact time in each MRPC is reconstructed as the average of signal
arrival times at the strip ends (ricHT @and LEFT SIDE)

T _ TRIGH + TLEFT
Hit — 2
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MRPC Telescopes =

S

The EEE MRPCs Telescopes performance measured with cosmic particles in the
EEE stations inside school building

Time vs HV
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MRPC Telescopes =

S

Long term performance stability: Tracks rate
Detectors are hosted in schools, monitoring T and P, not in a controlled environment

TrackRate-Run2

TrackRate-Run3
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MRPC Efficiency =

e

The EEE MRPCs Telescopes performance measured with cosmic particles in the
EEE stations inside school building

Efficency vs HV

.. . . Extreme Energy Events
HV >17 kV ~95%  _ Efficiency scan in middle chambers EEE Sz e soue
Q
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[%]
E
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Spatial Resolution e

Longitudinal Spatial Resolution for the 3 MRPCs

measured with cosmic particles in the EEE stations
X coordinate: the direction longitudinal _ Spatial resolution along Strips EEET stz sovoe
to the strips chambers

| Time Coord. resolution

""" Sum Gauss

Entries/bin

MRPC3 x

Gauss_peak

] 1.89 cm

Res

| X2_teorico™ 100 Gauss_tails

MRPC2 *x_@f"' ; (X1+X3)/2 "

MRPC1 2%

! | : - 20 -
Koo Xa oo ¥a Coordinata x

III|III|III|III|III|III||_.
=

%5 15
AX. = XlBot + Xi‘Top X A X, (cm)
2 = — X2Mid
2
Fit with 2 contributions
OX Res. = EGAX~1'89 cm - Chambers alignment

- Multiple scattering
- Strip calibration
- Propagation of the signal along the strips
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Spatial Resolution e

Longitudinal Spatial Resolution

The x distribution on each strip appears not
centered at zero, as the distribution 6, =

Trepe — Trigne » because of some differences in
the single signal paths in the FEA, in the TDC
channels, or in the amphenol cables

Strip by strip calibration

In each datafile an histogram for each strip is
built and its mean value M,

is used for compensating the x-position on the
strip X,.ppr=X;—(79-M

corr strip)

Spatial resolution along Strips

x10° DeltaX_2

_ XlBOt + X'}'Top £ N Entrias 022255

AXZ - - XZMid % - Maan 02004

2 IEP_‘SU_ FMS 1415

E __ 24 nell 7908 /21

w - Constani  2.70e+05 = 1.596+02

= MAsan 0.2062 = 0.0008

OX Res. = E oax~1,2cm 200/— sigma e - 0001
150 —
100—
50—

O_ l el N | -
10 5 0 5 10
AX, (cm)

Spatial resolution improved of 40%
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Spatial Resolution

Longitudinal Spatial Resolution RUN2 +RUN3 (pata sample =3 x 10°)

Strip by strip calibration

X + X, 25
__ " 1Bot 3Top . £ s Extreme Energy Events
AXZ 2 XZMld 2 = . . . . EE La Scienza nelle Scuole
o I longitudinal spatial resolution o,
3 g I reliminar
(=1 -
Ox ALL. = EGAXNLS cm 3 201 P y
A .
° |
[{e) - HUN 2 G)( = 148 + 004 cm ey RUN 3
< sssssg
15— RUN 36, =1.49 £0.03 cm
B —RUN 2
10—
5 -
0_|||||||||| -:.ElllTlllllllIIIIIIIIIIII
0 0.5 25

3 3 4
t[xmp+>t:t,.:,1t)?2-xmid (cm)
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Spatial Resolution

Transverse Spatial resolution for the 3 MRPCs RUN2 +RUN3 (pata sample =3 x 10°)

measured with cosmic particles in the EEE stations
Y coordinate: the direction transverse to the strips chambers

25
_ YBot + YTop B EE Extreme Energy Events
AYZ - 2 - YMid = La Scienza nelle Scuole
_transverse spatial resolution ¢ —_—
F P v preliminary

3
RMSYReS. = EGAY = 0,92 cm L
"RUN20,=0.92%0.01

Expected spatial resolution "RUN 3 6,=0.92%0.01

~ 32cm/+V12=09cm

46 telescopes/0.025 cm
N
=]

xxxxxx

—
n

IIIIIIIIITIIIII

xxxxxx

xxxxxx

10

I I '] 1 1 I 1 1 1 I 1 1 1 I 1 1 '] I
1.2 1.4

5:!:2'
]

0.4 0.6 1.6 1.8 2
h'rtop"'ynm}m'ymlu (cm)
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Time Resolution 5
i

Time resolution for the 3 MRPCs

Time Hits Distribution EE e e Events measured with cosmic particles in
—— the EEE stations inside school
8@ [ [ TimeHitresolut A
% 180|— 79;T:si;nrg§:l:lllﬁn bUIldlng
%‘ - TH Bot + TH_Top
b ATy = — — Ty mia
140|— 2
120; E
100— . _ . -
e Ores 207 ps GTlme Res. — 2 O-AT 220 pS
eof— V
40f—
ZUi
oE: (Enr ta072081 | | Ll
2 -15 -1 15 2 2.5 3
AT,[ns]
TDCs 100 ps

Time calibrations
Propagation of the signal along the
strips
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Time Resolution S
E‘ Even

Time slewing corrections Time resolution for the 3 MRPCs

Correlation between TOT and the different
Texp = T corr » fitted by a polynomial ( 5th) OTime Res. — EGAT ~220 ps

E E Extreme Energy Events
La Scienza nelle Scuole

S e A BOLO-01 preliminary
O = —— top chamber
o - h", —<— middle chamber
04f- R - bottom chamber
0.2 :_
of-
-0.2 :_
P =
_06 - l | ] ] " il ] | ]
) 5 10 15 20 25 30 35 40 45 50
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Time Resolution

Timw slc?wmg correction _ Time resolution for the 3 MRPCs
Correlation between TOT and the different

- i i th
T e = T corr » fitted by a polynomial ( 5 I3 180
OTime Res. = 2 OAT ~ pS

1 — = ETHEH’.{]‘] Extreme Energy Events x10° ey ey e

é BOLO-03 EE ﬂtéer_na Energy Euants - EEELanenzar'e o Scudol a0l PATE-0O1 EEELAS?:\zan:‘;S\:;ge
Bl}__ CIENTE MNBwe STAE m:_ ) ) : L L
k- preliminary - preliminary i preliminary

g 60t~ a5
7o - C
eof- “F o= 232 ps 2 o, = 283 ps
sof- aof- o,= 184 ps S 6,= 211 ps
4[?;— mf_ e E ;gg -
aof- : T 11}:— o

s 20 B
20f - - i

o - o S —— gl—
1I}:— 11}:— -

; E I 1 0:

€ st _pz-i (os) 1 st 21 (ps) (a2t (ps)
op mid top Ib':' n-i\:iF:| o b ""dp

20% improvevemts.
Resolution range from 175 to 290 ps
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Time resolution for the 3 MRPCs (33 Telescopes RUN3 )

3
OT ALL — EO'AT ~243+/—44 pS

E E EE:treme Enargy Events
La Sclenza nelle Scuole

preliminary

—
.

33 telescopes/35 ps
R

—
L=

::‘,'\"|"'|'"|"'|"'|"l|ll|||

LN
=

=]

c,=243 + 44 ps

N

i i I i i i i I i i i i I i L3l '] m I i i ] '] I '] '] '] '] I '] '] ']
200 250 300 350 400 450 500

. . . o [ps)
Time sIewmg correction
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Summary -

Energy

E E— Events

Science inside Schools

Study of the EEE MRPC Telescopes Performance

Performance measured with cosmic particles in the EEE stations inside school building
v’ Stable efficency vs HV HV >17kV 95%
v Corrections improve the space and time resolution

Fully compatibility RUN2 +Run3

Strip by strip calibration + Time slewing corrections

MRPC vs EEE Telescopes EEE MRPC Performance: a paper in preparation
(Test beam)  (Cosmic rays)

The Extreme Energy Events Observatory: an overview of
the MRPC telescopes performances.

* TDCs resolution

* Chambers alignment

* Multiple scattering

* Strip calibrations

*  Propagation of the signal
along the strips

The EEE Collaboration

Received: date /| Accepted: date

Abstract The muon telescopes of the Extreme Energy Events (EEE) Project
[1] are based on Multigap Resistive Plate Chamber (MRPC) technology. The
EEE array is composed, so far. of 50 telescopes. each made of three MRPC
planes, spanning more than 10 degrees in latitude and 11 in longitude, orga-
nized in clusters and single telescope stations distributed all over the Italian
territory and installed in High Schools. The study of Extensive Air Showers
(EAS) requires excellent performance in terms of time and spatial resolution.
efficiency. tracking capability and stability. The data from two recent coordi-
nated data taking periods, named Run 2 and Run 3. have been used to measure
these quantities and the results are described, together with a comparison with
results from beam test performed in 2006 at CERN.
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Performance of the EEE MRPC Telescope:ge‘

E ’\Evem"s na o

The direction of cosmic particles passing through the telescope is
reconstructed with a precision that depends on the MRPC spatial resolution.

w__-_ul' | EThslsmsl |

. Entses 1523220
| bt i DLHTES
53— o | [ 15 L 0NTHY
II'Il:-
aob—1" | TDCs 100 ps
o | AX, = 0,92 cm
1
“H all A6 = 0,88°
20 L
L L,
1} D3 1 13 3 - 1 Ah 4 &5 -

Hilat=i dsjs [2egd]

Geometrical simulation: evaluation of the relative angle between a
simulated track and the track reconstructed with the telescope
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The MRPC Telescopes 8

=

B for the 3 MRPCs ﬁ _ Lo

ToF c
mbeta mu_beta
i0® mbeta o A 0* mu_beta

- Enties  3.040633e+07 5 Entries 38408338407
§000 - Meen 0.9502 gﬂl‘lﬁ C Meen 1.049
=R RMS 000841 F RMS 0.1083
g I 5

B 6000
4000 — C

B 5000 —
3000 E

CAGL-02 : sooof

2000 [ 3000 :—

- 2000 —
1000 |— C

B 1000 —

i} .| L | b Ll |

% 05 15 2 0% 0.5 15 2
beta 1/beta

Resolution on 1/ 3 measurement
around 10%
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Looking at the sub-TeV sky with cosmic muons detected in the
EEE MRPC telescopes

Declination {degrees)
&

4 EEE sites included

Set of 110 M events analyzed

2D Right Ascension-Declination maps

- No anisotropy probed at the level of = 1%

1018

0,005

0,985

50 100 150
Right Ascension (degrees)

EEE Site (Location) Geographical location

Number of analyvsed events

SAVO-01 (Savona) 447 18.366' N, 8° 28.078' E
CAGL-01 (Cagliari) 397 13.767 N, 9° 7.084' E

TRIN-01 (Trinitapoli) 417 21167 N, 16® 5.004" E
CATA-01 (Catania) 37" 31.501° N, 15% 4.046' E

43.6 M
16.6 M
202M
193 M

obtained from each day in a single telescope station were
, with a weight proportional to the number of

collected events in each day

v’ due to the geometrical acceptance of
between 20° and 60° was considered, to
statistics is low

the telescopes, the range
where




Some Physics Results

Scientific instrument for physicists

Many different topic in the cosmic ray physics:

Search of coincidences,

Correlations to solar activity,

counts/(200 ns)

Upgoing tracks,
Search of anisotropy

L. Extreme Energy Events
Coincidences at Savona E E ELa Scienza nelle Scuole
2200 —

+ Telescopes distance = 1180 m prellmlnary
2150— Days analyzed = 120 Pilot Run + Run-1
2100 — i
2050 N
2000 % I

* " H e
1950 ! |° | | b | 7 |°||

1k (L | |I! | I I |

1900 01 <ATT] Ty TS Sy °|| LI Ik

e o0l .
1850 % % %
1800— %

| | | | 1

1738000 -5000 0 5000 10000

The correction is:
At= cos(A¢’school = ¢) ALschool sin9 / c

(&)
N
>
£
“
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Some Physics Results of

E =
SCientiﬁC instrument for DhVSiCiStS GORD 2015-12-31: EEE-OULU fluxs EEEE'ET.L":E&ZE’LE
P2 5 J
Many different topic in the cosmic ray physics: i A Ar i
Search of coincidences, * oy p WNWWW%
° ° ° _zﬁ. 1 + SIS
Correlations to solar activity, | m i preliminary
. ° -4 A Ece. ALTA-01 + BOLO-03 +
Unglng traCkS, : } ‘¢*+ i + CATZ-01 + TORI04
Search of anisotropy T

Flux decrease as observed by 6 stations

(adding up data set from different stations reduce the
GCRD 2015-06-23. CATA-02 station EEEm&mm . :
_ o2 signal/noise value)
S prelimipary
2
TN " % A
= 1 .
= + w ﬁ“ LR Rapid decreases (Forbush decreases) of
- * B
_a[_EEE - CATA02 w# w M the galactlc cosmic-ray ﬂuX, associated to
: OULU neutron mon.
o N Hﬂ# ﬁ# solar phenomena are detected by the
oL w NW EEE stations in good agreement with
1806 18/06 20/06 21/06 2206 23/06 24/06 25,06 2606 2706 28/06 29/06 30/06 0107 0207 neutron monitor Stations
Flux decrease as observed by the CATA-02 station

(Forbush June 2015)



Some Physics Results /

Scientific instrument for physicists
Many different topic in the cosmic ray physics:
Search of coincidences,
Correlations to solar activity,

Upgoing tracks,

vl

Search of anisotropy

Upward-going Downward-going

10°
107!

TDP [s]

(42 Hz)!

1072 10°

-3
10 1 03

Upgoing events are observed (~ 1/2000) in EEE
telescopes.
A fraction of them can be clearly identified as electrons

107

107°

107

1S 05 coming from muon decays, by means of a time

correlation with previous events (~2 ps)

delay ~ 2pus
large %2




