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Outline of session

» About cosmic rays

» The Extreme Energy Events Project — Science in the Schools

» A brief presentation of some cosmic ray projects and experiments in schools
» Measurement of cosmic muons due to time dilation

» Cloud Chamber (in theory..)







First studies of cosmic rays

In 1909 Theodor Wulf measured, using
an electrometer, higher level of
radiation at the top of the Eiffel Tower
than at its base.

Victor Hess, using balloons, measured
in 1912 atmospheric ionisation as a
function of altitude. As he ascended to
5300 metres, he measured the rate of
ionization in the atmosphere and
found that it increased to some three
times that at sea level. He concluded
that penetrating radiation was
entering the atmosphere from above.
He had discovered cosmic rays.




What are cosmic rays

Very energetic charged particles coming from outer space that continually
bombard the earth

* Protons (hydrogen nuclei) 89%

 Helium nuclei 10%

 Heavier nuclei 1%

When they collide with atoms in the earth's upper atmosphere, they create a
shower of lower energy secondary particles, mainly pions.

Pions swiftly decay emitting muons, which travel through the atmosphere and
penetrate below ground.

A hundred of these secondary particles pass through our bodies every second.

Energies of primary cosmic rays
 from 1 GeV (rate: 10 000 / m?s)
 upto 108 TeV (rate:<1 /km?century)

Very high energy cosmic rays generate huge showers of up to 10 billion
secondaries spreading over areas of 20 km? at the surface of the earth
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The Extreme Energy Events project
Science in the Schools




Cosmic ray physics experiment with double goal :

Educational / outreach and scientific research

* hands-on activity for high-school students with the aim to
stimulate their interest in science through their involvement in
all stages of the project (detector construction, installation,
comissioning, data-taking, analysis)

* research in cosmic ray physics

A collaboration of

e Centro Fermi — Roma Museo Storico della Fisica e Centro Studi e
Ricerche "Enrico Fermi”

e INFN Istituto Nazionale di Fisica Nucleare

e MIUR Ministero dell’ Istruzione, dell” Universita e della Ricerca

 CERN European Organization for Nuclear Research

CENTRO —
FERMIii: IN ” 000

Centro Studi e Ricerche Enrico Fermi L " diFisica Nuclear




Some history..

Launch event : 3 May 2004
Webcast from CERN

Prof. A. Zichichi

Minister L. Moratti

watched by many Italian schools

PROGETTO “LA SCIENZA NELLE SCUOQLE”

EEE /

EXTREME ENERGY EVENTS =l

ANTONINO ZICHICHI

Universita di Bologna, INFN (Bologna)

CERN (Ginevra), Centro Fermi (Roma), FE]\I!ECS (Exice)
WES (Pechino, Ginevra, Mosea, New York)

A. ZICHICHI, Progetto "La Scienza nelle Scuole”
EEE — Extreme Energy Events

Societa Italiana di Fisica (SIF), Bologna

1st Edition 2004; 2nd Edition 2005

3rd Edition 2012, 4th Edition 2014, 5th Ed. 2017
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Aim of the EEE project

Look for extended air showers
and extreme energy events

By detecting the muon
component of the shower

Simulation of a shower induced by a
107eV proton

(100 000 TeV, x20 000 > LHC energy )

At ground level 1 million muons arrive,
over an area with radius at least 2 km.

17




Place muon telescopes all over ltaly
in Italian High Schools

Look for coincidences between telescopes

Key ingredient :

define direction of muon - so that we
can point back to interaction point in
atmosphere

check that muons belong to same
shower and also get direction of
incoming particle




An extended array of muon telescopes

At present, a total of 53 telescopes
47 in ltalian High Schools

They are mostly distributed in
clusters in the whole Italian territory

+ 2 telescopes at CERN
+ 4 in INFN Sections or Universities

~45 more schools on the waiting list
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The experimental aparatus




The detector : 3 Multigap Resistive Plate Chambers (MRPC)

anode
readout pads
Anode resistive

layer (+HV) \ Vetronite panel

Glass plates i SR
(1.1 mm thick) Sl 1:;300 r?uceon)
Cathode N N Vetronlte panel
resistive layer (-HV)
cathode
readout pads

15 mm honeycomb

15 mm honeycomb

* 6 gas gaps of 300 microns each
 dimensions: 82 cm x 180 cm

» Requirements : reliable (long-term); easy to use; not expensive
» Design based on the MRPCs of the ALICE Time Of Flight (TOF )



ALICE ( A Large lon Collider Experiment)
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The ALICE Time Of Flight (TOF) detector

Cathode pickup

electrodes
S e

A ;

Differential signal to ' {

front-end electronics (—\ : ?f : \ ﬂ
[ _' 1
HF : " 1]

System time resolution o = 70-80 ps

Multigap Resistive Plate Chamber
10 gaps of 250 microns each

Cylindrical array of 150 m? r=3.7 m
1600 MRPCs in 18 Supermodules

Anode pickup
electrode

Provides charged particle identification

TOF B
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Correlation B = v/c versus momentum
as observed by TOF in Pb-Pb collisions.
Particle species are clearly separated
in the intermediate p_ range




The EEE MRPC

=
Pick-up Carbon layer g
electrode &
Cathode = -9 kV
glass
glass —| |(- 6kV)
glass —] I{- 3kV)
lass —{ (0 kV) Gas gaps~
8 300 um
glass — J(+ 3kv)
glass —{ 1(+6 kV)
glass Anode = +9 kV
Mylar ,’ V
o
Operated with a mixture of 98 % C,H,F, — 2% SF, £
Ll

Performance of a six gap MRPC built for large area coverage
M. Abbrescin et al. /) Nudear Instruments and Methods in Physics Research A 593 (2008) 263 -2068
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Signal readout

180 cm
= = FEA card
3 NINO asics / 24 channels
» Amplification
90 cm  »» Discrimination
» Stretching of pulse
» OR of 24 signals

2 FEAs per MRPC

24 strips

» 24 strips read out at both ends
» time difference : position of hit along the strip
» Anode & cathode readout plane : differential signal

adhesive copper tape on vetronite sheet
strip width : 2.5 cm; distance between strips : 0.7 cm

Pitch : 3.2 cm

Space resolutioninxandy:~1cm
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Electronics

TDC TDC VME Bridge

CAEN  CAEN
V1190A V1190B V1718

Trigger card
6-fold
coincidence

Trigger

unit

GPS Unit

VME crate

144
channels

connection
to PC

VME Bridge

Data Acquisition and monitoring based on Labview

Hytec (or Spectracom) GPS
to generate time stamps
and synchronize stations at
different location

GPS Nominal Constellation
24 Satellites in 6 Orbital Planes
4 Satellites in each Plane
20,200 km Altitudes, 55 Degree Inclination



CERN-02 2015-06-30--2015-07- 01 EEE gne ey Even

I n a d d It I O n ? 36:— — Indoor temperature [ C] —_985 gﬂf
° E — Outdoor temperature [°C] i =
5 34 — Pressure [hPa] —ogo 2
IS c 7 ?
& 32F —o75 @
N -
30 —970
ﬁ C B
28— —965
Weather station to monitor 261 o6
* temperature 24 %
22 —950
* pressure - ]
20= i i : i I ; —945
30/06/15 01/07/15
read OUt by the DAQ 02:00:00 02:00:00
CERN-02 2015-06-30-2015-07-01 ~ EEE o arem e
E 605— — A\Ilerage rate of events [Hz]I _f
. E — Rate of events with hits [Hz] 3
E 55— Rate of events with %2 < 10.0 [Hz] =
sof- 3
= ik 3
“F ' hr'ﬂ"“"""““‘r i, 3
sof- 3
30;- E
25
20 i . . . i —

30/06/15 01/07/15
02:00:00 02:00:00



The HV system

Working voltage for MRPCs : 18 - 20 kV

* DC-DC converters inside small boxes
EMCO Q series converters providing an output voltage up to £10 kV for 0-5 V input
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The students’ involvement




Phase |. Construction of muon detectors (MRPCs)

* Done by high-school students and teachers at CERN supervised by researchers*
* Each school sends 4-6 students accompanied by 1-2 teachers
* During their week-long stay at CERN they build 3 chambers

*Special agreement with CERN to allow children <18-years old to work in CERN labs

Total

» 2005 7 schools (pilot)
» 2006 14 schools
» 2009 10 schools
» 2012 3 schools
» 2014 6 schools
» 2015 6 schools

46 schools 250-300 students 50-80 teachers

» 2017 6 schools (telescopes will be installed until end 2017)



preparation of readout copper strip" .

'

e
preparation of honeycomb panels
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spacers

b~






preparation of signal cables «







Closing the gas box with the MRP&




Char b@as flow to test for leaks



“lesson” on physics and
operation of MRPCs

el
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e electronics
readout

data acquisition
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Phase II: assembling the muon telescope

A“_
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readout and
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Phase lll. Data-taking and monitoring

(empty
/| bottle?)

£l
The schools have the
responsibility for keeping
the telescope alive and (dead
ensure data-taking (with channels?)
help from INFN and
University researchers) Check chamber

hit distributions
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Run-1: 02/03/2015 - 30/04/2015

‘ * 50
E E E @ C N F || Only reconstructed files considered

number of transferring schools

ey
S
[

GB (RAW data) all schools

5-10 TB per year expected
Full statistics from Pilot run to Run-1:
~2.4TB (raw: ~2 TB, reco: ~0.4 TB)

ber of school per day
8
T

|
|

m

(+3 TB from past years) 2
E =
S
o 11/03/15 25/03/15 08/04/15 22/04/15
@ day
‘ Telescopio 1 H Telescopio 2J Web browser EEE user
DATA1 BI-AY-YS
Data transferred fro o _ @
each station to CNAF CNAF firewall 1L A school _
A complex software | transfers a file [ Web proxy J Bastion
(.bin) to CNAF

architecture has been " Tenant EEE
set-up to reconstruct
the data and provide

quasi-online (few 3. A cron ﬁ S‘Ctrﬁ" e B
h hi job finds the nas the new Trie
ours) histograms on hew entry and add an entry
the web for and g in the DB
. . reconstruct e 4. QM results are
monitoring purposes the run ff:g;fift& updated in the DB and

in the Web page
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Phase |V: students’ participation in coordinated run

TEEE Monitor - Museo Stor - % EELOG Logbook Selection  *

Fill the e-logbook :

¥ [ www.centrofermi.itelog/ o M M &
w [JaAap [Jacvm EHcerNn [T #7 Fon Ee @News [Pv 1T [l ser [ shops [ House EHOS [EProg »

Logbooks at Centro Fermi

Logbook Entries| Last submission
EEE e-log &
Logbook accessibile alle SCUOLE del Progetto 483 Tue 02/12/2014 13:46:26
EEE da pilare almeno una volta a i
shifter 2 _ ) 25 |Fri Nov 21 15:00:09 2014 by Fabrizio Coccetti
Logbook RISERVATO ai Run Coordinators

Extreme Energy Events Monitor

Ultimo aggioramenta: ore 15:07 - mar 02 dicembre 2014

ELOGBOOK delle SCUOLE ELOGBOOK dello SHIFTER Stato trasmissione CNAF

EEE Main Monitoring Table

Questa tabella mostra la situazione dei telescopi in acquisizione

In verde sono indicati i telescopiin presa dati e trasFerimento nelle ultime 4 ore.

In giallo sono indicati i telescapi in cui trasferimento efo acquisizione sono sospesi da piti di 4 ore.

In rosso sono indicati i telescopi in cui trasFerimento e/o acquisizione sono sospesi da pil di un giorno.

Nome dell'ultimo| Numero Files

File trasferito |trasferiti oggi

Shifter :
C h e C k t h e C N A F 0 n _ I i n e CREST d'\:\:r:w?szre ] 1@1};?016531& [H'\sgory] 21/11?/526014 [Hoiigiy] 20 =8 ALkl

mar 02 BARI-01-2014- 30/11

moni Orin svstem BARHO  jicembre  '#3°  12.02.00066.bin [H'\setﬁory] 29/1111;'22%14 [History] B o BRI
t g syst
on EE, w8 5, ms me s
om R w MOSEE e e @R ome son
dao U se gowme  w o wn oo m oao
an g ws gogme | w. me @m0 ow oo
cacor RN s et [H'\satsory] 01/11;:,92%14 [Hoiig::y] &h | g



Data-taking

For many years: data taking « independent » ; data transferred to Erice server
Starting in 2014: Effort to centralise and coordinate data-taking

Pilot run : 27 October-14 November 2014

simultaneous and, for the first time, completely automatic acquisition,
reconstruction and data storage from half (23) of the EEE telescopes at the
INFN-CNAF computer centre of Bologna

Nearly 1 billion muon tracks collected in 3 weeks

Run 1 : February — April 2015

two thirds (35) of the EEE telescopes took part in the data taking:
More than 5 billion muon tracks collected in three months

Run 2 : November 2015 - May 2016

Run 3 : October 2016 - May 2017

Most EEE telescopes participated

~40 billion tracks collected in all Runs
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... in addition

The students follow seminars (at school or INFN or University) on
e Cosmic rays, Particle Physics, Detectors, Electronics,...
* They follow courses on ROOT

Other cosmic ray related activities : building a cloud chamber

They make videos and photos and post on social media, blogs, school’s web site
They participate in periodical local or national conferences and present their work
Last one: National Conference of the EEE project, Erice, May 2017

Next one : Erice, December 2017

They participate in monthly video-conferences where they present the status of their
telescope / data-taking /analysis

Masterclasses on : telescope operation, monitoring, rate analysis

Inauguration ceremonies in many schools with Prof. Zichichi, local authorities and
media coverage




Some results

» Search for extended air showers
Coincidences between muon telescopes

» Variation of muon flux in single EEE stations
Observation of Forbusch decreases

» Study of upward-going particles
electrons from p-decay



First detection of extensive air showers with the EEE experiment
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At UAquila, closest stations of the experiment

Angular correlations
between “coincidences”
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parallelism)
improves S/N

TTL l_l T1 lej II.I | _I_-_I.I_I.j

> 1.6 events/hour
0.65 . .
ﬂ.ﬁ._l Ll |. A |"|Jll| il J.'I.ll.l L | |.l-1'|'.| ||..; [t |.'|.r1 i SIgnal/NOIse_18
-5 -4 -3 -2 -1 0 1 2 3 4 9
T1-T2{us)

Time difference between events at the two stations

7.6 events/hour
Signal/Noise =

(requiring quasi

S-S events

Enfries
32 ndf

3
L I I I I R

2 -1

0.5

0
T1-T2(us)

S-S events 0<10°

27005

6551 /496

51.53 + 033

10881 B3
000831 £ 0.003853
00703 2 10.0044

0.5

80

70

T

50

Counts

"|'"'|'"'|""|""|]"|""|""|"'

40

30

20

10

o}

0
T1-T2(us)

Entries 2468
¥ net BE7.1/496
pO 3,907 £ 0,090
pl 77.05+ 4.69
p2 0.01126 + 0.00266
p3 0.05108 + 0.00236




First coincidences detected

S-M events I Entries 3859
— 72 I ndf 969.7/ 496
1601 po 564440109
C p1 1355 +6.1
140 :— P2 0.009587 +0.002163
L p3 0.05876 + 0.00222
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C —
2 80
© r
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40
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Single track in one school + multiple
tracks in the other school

3.6 events / hour

Signal / Noise = 26.4
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Coincidences/day

Coincidences up to 2012...

10° =

Data corrected for efficiency, acceptance and altitude

10’ f"

Number of coincidences per day, as

measured by different telescope pairs of

the EEE network, versus the relative
distance between the two telescopes

Included in the plot: CERN-Geneva (15

m), UAquila (180 m), Cagliari (520 m) and

Frascati (650 m)

| Number of Coincidences per Day vs Distance |
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... coincidences during Run-1

Coincidences were observed for several
distances between telescopes : 15 m, 100
m, 200 m, 500 m, 1200 m

Increasing the distance between
telescopes the energy of the primary
observed increases as well

Extreme Energy Events
Coincidences at Bologna = = Sy
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8 | Days analyzed = 29 Run-1
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Forbush decrease 2011

rapid variations of the cosmic rays flux over the course of a few hours

associated to solar phenomena as CME (Coronary Mass Emission) and solar flares
Decrease in muon flux reaching a minimum within hours

Recovery lasts a few days

comparison with Oulu neutron monitor station
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2011 Valentine’s Day Solar Flare

night between 14 and 15 February 2011

LA ", AR ST -
8 n ] NS o AL RIS e Solar flares: explosions on the

sun, related to storage of energy
in twisted magnetic fields ->
burst of EM radiation (from radio
waves to gamma rays)

Classification: according to
intensity in wavelength range
0.1-0.8 nm

Approx. size of Earth = @

Flare recorded by the Solar Dynamics Observatory (SDO)
DO/AIA 304 2011-02-135 Q0:08:45 UT

Solar flare, of category X2, followed by an important Coronary
Mass Emission (CME)
Observable on earth a few days after the event

This kind of flares are constantly monitored since they
may have relevant consequences on Earth



Forbush decrease 2012

Solar flare on March 6 2012 of category X5.4

Neutron monitors in Oulu and Rome

Liceo Gagnazzi — Altamura

Liceo Galvani, Liceo Fermi — Bologna

INFN Bologna

Department of Physics — Catania
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Two more Forbusch decreases

Immediately after the EEE Pilot run of

2014, a GCRD event was observed by 6 EEE
telescopes: Altamura, Frascati, Grosseto,

Savona (2), Viareggio

Muon rates averaged over 6 EEE telescopes
and neutron rates from the Oulu station in
Finland, during the GCRD associated to solar

flare on 7 November 2014

A GCRD occured on 23 June 2015 and was
observed by 5 EEE stations, even though the
array was under mantainance and upgrade.

Among the 5 active telescopes we chose
the preliminary analysis CATA-02, in
comparison with the OULU data.

Extreme Energy Events

GCRD 2014-11-10: 6 stations average =B i s

% flux variation
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Upward-going events

Time-Of-Flight (TOF) :
Time Bottom Chamber - Time Top Chamber*

—

TOF<O0 : upward-going partic

Muons from (atmospheric) neutrino interacti
with the earth ?

Too many upward-going events observed
intriguing!

* Top and Bottom chambers are read out with
the same TDC : same clock used

100 cm

~
- T~

b b




Upward-going events

About 1 event every 1000 observed goes in an upward direction

Some of them identified as electrons coming from muon decays (in the floor or in the

bottom chamber), looking at their Time Difference with respect to the Previous (TDP)
events

FRAS-02-2014-10-30-00018_dst.root [13285900018 - 20129]
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1.3 x 108 good tracks

7 x 10% TOF<0
|D4
B > 0 downward -going

B < 0 upward-going

=
]

] I-' E 1
IIII| IIIIIIII| IIIIIIII| -
=)
o

Identify electrons from muon decays (in 102

the floor or in the bottom chamber): look
at Time Difference with respect to the =
Previous (TDP) events versus velocity

10

. Correlate TDP with velocity of previous
particle : electrons come from decays

ol
2

TDP [s]
5

:_3 1., of (slow) muons with  0.5<B<0.8

10_4 For B~0.65 range of muons in Al /
N ;e , - concrete is 2-3 cm

" | us | ’ Electrons from p-decay, E=50 MeV,

10_6 ________ ALl B A range in Al 7 cm

107
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Muon decay

~ 50 MeV electron: range in Al ~ 7cm

upgoing low energy electron
good signature:

(due to multiple scattering)

A
¢
EEE detector
u‘ée'v v,
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low energy electrons from muon decay are a robust explanation for upward-going particies




What is next




Future plans

MNext run scheduled to start in October 2017 and last until May 2018
(end of school year)
»Extend coincidence measurements to larger (>2 km) distances

» ook for long-range correlations
»Search for coincidences between telescopes located in different cities to look for
exotic (“unexpected”) high energy events

Hncrease the number of EEE telescopes
 from 50 to 100 High Schools (original project!)

»nclude schools from other countries
e School from Moscow (April 2017); school from Albania (next week)

»nvolve schools without a muon telescope in data analysis

Search for the unexpected!!!
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Extreme Energy Events (EEE) - La Scienza nelle Scuole
G A Al m| |+ Zinttp://eee.centrofermi.it/ ¢

Extreme Energy Events (EEE) - La. |

STV Seveooeumes  Progetto Extreme Energy Events (EEE)

CENTRO

WZJ\M«) STUDI E RICERCHE La SCienza ne”e SCUOle E

m Centro Fermi's Home  Video Scuole  Telescopi News Links EEE Collaboration Area Riservata Scuole

EEE News

Gemellaggio tra gli studenti
del Liceo Bafile de L'Aquila e
del Liceo Galilei di Lanciano

Mosca

Telescoplo EEE del Liceo Classico Massimo D'Azeglio di Torino

Extreme Energy Events (EEE) - La Scienza nelle Scuole

dimensione font @_ @&_ | Stampa | Email

Il Progetto EEE - La Scienza nelle Scuole consiste in una speciale attivita di ricerca, in collaborazione con il CERN, I'INFN
e il MIUR, sull'origine dei raggi cosmici, condotta con il contributo determinante di studenti e docenti degli Istituti Il progetto EEE alla Giornata
Scolastici Superiori. dell'Arte

In ciascuna delle scuole aderenti al Progetto viene costruito un "telescopio" fatto con i pi moderni e avanzati
rivelatori di particelle (Multigap Resistive Plate Chambers, MRPC), da mettere in coincidenza tramite strumentazione
GPS con i telescopi di altre scuole allo scopo di rivelare i muoni cosmici e gli sciami estesi, grandi anche quanto intere
cittadine o piu, prodotti dai raggi cosmici primari di piu alta energia.

Ai ragazzi viene dato, inoltre, limportantissimo compito della costruzione degli stessi rivelatori a partire da elementi di
base, affinché si rendano conto di come si possa passare da materiali poveri a strumenti di altissima precisione. La

costruzione dei rivelatori avviene nei laboratori del CERN, nei luoghi pil esclusivi della ricerca pil avanzata, che Liceo Carlo Rinaldini di
vengono resi a tale scopo accessibili ai ragazzi. Ancona al TG3 Marche

Attualmente risultano operative o prossime all'operativita tutte le stazioni realizzate (40) presso le scuole ed & in corso
l'acquisizione dati volta, in particolare, alla ricerca di eventi coincidenti tra stazioni vicine e stazioni lontane.

The Project Extreme Energy Events - Science inside Schools (EEE), is a special research activity about
the origin of cosmics rays, performed in collaboration with CERN, INFN and MIUR and carried out
with the essential contribution of students and teachers of hieh schools.




Cosmic Rays for outreach and science education

» Large scale experiments taking data continuously (outreach + research)

» Experiments in classroom using small scale cosmic ray detectors

* Measure azimuthal angle distribution

 Measure muon flux versus time, temperature,pressure, solar activity,...
 Measure muon velocity

e Measure muon lifetime

» Demonstrations (science exhibitions and museums, science festivals, ..)
e Spark chambers
 Cloud chambers

» Construction of cloud chambers in science workshops and observation of
cosmic muons




Inside IPPOG (International Particle Physics Outreach Group) :
effort to bring together different cosmic ray experiments in schools

» To get to know each other

» To exchange ideas

» To examine the possibility to make an « open data portal »
Many experiments already have data in the public domain
Common format?

» Look for coincidences between stations of different experiments?
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Workshop on
HIGH SCHOOL COSMIC RAY EXPERIMENTS

Centro Fermi — Roma 15-16 February 2017




\ .
}:. HISPARC High School Project on Astrophysics Research with Cosmics

~ 100 detector stations in the Netherlands; ~ 20 in the UK + Denmark
Detectors built by students ; installed on roofs of schools

Principle : If multiple detectors are hit within a narrow time window, these hits are
deemed to be caused by particles from the same shower




HISPARC Station

@ Otherwise if no roof space
available

)Eh HiISPARC

4/23 Kasper van Dam HiISPARC



HiISPARC Detector

100 cm " 67.3 cm

@ A = Scintilator

@ B = Lightguide

@ C = Adaptor piece
@ D=PMT

\& HiSPARC

Kasper van Dam HiISPARC



by, HISPARC  About HisParc

Overviews

Vs o ool e s st

Data download

Data Download Form
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Teacher & Student

HISPARC Data News Software NL | EN SEARCH

On the start page of the HISPARC Public Database is an overview of all detector stations. Here the
status of each station is indicated by colored status indicators. When choosing a station summaries of
each day (from its first measurement up-to and including yesterday) will be shown in the form of graphs.
A history of the configuration of the station can also be found here. As well as a page specifying the status
of the station in more detalls, this can be useful to identify problems. The graphs also give insight in the
guality of the data. Above each graph is 2 Source button that will provide a .csv (tab separated columns)
file with the data points from graphs.

Through the page mentioned above you can also get to the data download form. Here a station, start
and end date, and data type can be chosen. Then that data for this query can be downloaded as a .tsv file
(a text file with tab separated columns) or viewed in a browser. The data is downloaded from the event
summary database, this means that the data has already been partially analysed. The data contains
information about the particle density in the detectors and the precise arrival times in each detector.

jSparc is a JavaScript library which can use the data in the Public database. There are several web
applications (Analysis software and Data retrieval) available that make use of this library and make it
possible to analyse data in a browser. The source code of the jSparc library can be found on GitHub.

For programmers we also provide an API which makes it possible to easily retrieve metadata from the
Public database. The API consists of a set of URLs that will always provide the latest up-to-date
information. This way you can for instance check which stations measured data on a certain date or which
stations are in a certain subcluster. It also provides access to the traces of the individual events. The APL
is usable by practically all programming languages. For Python and JavaScript it has been made easier,
because functions have been added to the SAPPHIRE framework and the jSparc library to access the APL
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The cosmodetector apparatus

3 santillator plates with
a photomultiplier (PM) on top

A DAQ system to trigger on 2-
fold or 3-fold coincidences to
remove background

A Labview interface to steer the
detector, momnitor data taking
and record data (ascu format,
no GPS/accurate timing
mformation)

A movable « cosmic wheel » to
look at the cosmic muon
zenithal distribution

Nicolas Arnaud Laptop included — unit price: ~6-7 k€



The « COSMIX » case

= Control
e Two Ixwxh = 16x3x2 cm3 e
CsI(TI) bars from Amcrys | DA
| * Display _
e Hamamatsu PIN diodes | * Storage

« GPS
* Altimeter

e Consumption ~300 mA
e 5V power (e.g. from laptop)

= 7000 mAh battery for

mobile measurements

e Unit cost ~2 k€
= Half for the
scintillator bars alone

— First detectors built using
Fermi-GLAST spares

e Case
Weight <4 kg

= Dimensions: ~44x36x12 cm? Nicolas A q
ICOIasS Arnau




Taux (particules/minute)

Cosmic ray rates vs. altitude

Private plane flight up to 1,800 m
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Helping Develop America’s Technological Workforce

Detector Kit

4 counters w/PMTs

Power box (low voltage)

DAQ (developed by FNAL)

GPS w/antenna

Temperature & pressure
sensors

Cables

(Raspberry Pi w/EQUIP)

DAQ creates formatted message sent to a computer & collected in text data file
through USB interface. EQUIP computer commands set parameters for each
investigation, monitor data stream & display parameter settings & other info.

M. Bardeen, Cosmic Ray Meeting, February 2017



Helping Develop America’s Technological Workforce

w2
%8 éuarkNQ Where are the 840 DAQs?

y U

(Sears Tower)

X L‘.\ )" / .
®| -+ 260 detectors deployed
in QuarkNet

« 450 in 32 countries:

» Education - 294

« Science

* Museums - 13
+ 130 in inventory

M. Bardeen, Cosmic Ray Meeting, February 2017



Helping Develop America’s Technological Workforce

}ﬁ@uarkNe o Muon Lifetime

Stack four counters.

- Program DAQ: Require three top counters to fire and
veto on bottom counter.

- Record data for one week. / muon

- Upload data file to e-Lab.

- Select data file and run ?
“lifetime” analysis to find *
time between muon and p—

next signal (electron).

M. Adams, Cosmic Ray Meeting, February 2017



Helping Develop America’s Technological Workforce

Muon Lifetime Result

Cosmic Ray e-Lab

Project Map Ubrary

2 | 3500 muon decays in 7 days

5 l. ainiie | (w1 decay every 1000 muons)

wol &\ | Lifetime 2.05 +- 0.04 microseconds
ol | . Random background 6.5 events per
B \{ | 500 ns bin
- 00 - l:\ -

't'i.
20 \K\ .
0 | | ‘11\1‘1}"*&-»&"_ - HRorA

Decay Length (microses)

£1: sxymatad: 0090110

Change parameters and run again.

Aralyss fun e 0adl

To =ave 115 pict panvanantly, enter th new rame you wan

bhevi izt M. Adams, Cosmic Ray Meeting, February 2017
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Global Cosmic Ray Studies https://icd.desy.de/e49245

Projects for High School Students

There are several projects around the world that address young people and teachers, to give them the
opportunity to explore cosmic particles. These projects are presented below. For further information, please visit
the web pages.

FINLAND

Callio Lab: Doing cosmic ray physics underground is something the young students

are really interested in. The Centre for Underground Physics in Pyhasalmi (CUPP) of

Callio Lab, in Finland, has made it possible. The outreach program, established in
2010, is based on the cosmic ray experiment EMMA and particle physics. The emphasis is on the hands-on
exercises with simple data and detectors. The workshops and theme days are well liked. The outreach is also
taken out into the community by participating into annual town fair of Pyhajarvi with general public lectures, and
organizing theme weeks on physics topics together with science centre Tietomaa in Oulu. Website: Callo

FRANCE

Cosmos a I'Ecole: In France, a collaboration started several years ago between the
“Institut National de Physique Nucléaire et de Physique des Particules” (IN2P3) of the
CNRS and "Sciences a lEcole”, a project from the French Education Ministry which is
promoting science in high schools and higher education. Large cosmic ray detectors
called "Cosmodétecteurs” are built in the Marseille IN2P3 laboratory (CPPM) and given
to high school teachers selected by "Sciences a I'Ecole”. These teachers are trained prior to receiving the
detector — a one week-long seminar at CERN, part of the High School Teacher program, plus a technical course
in Marseilleto learmn how to use the apparatus. These teachers then exchange information through a dedicated
internet forum and present the educational activities they develop with their Cosmodétecteur. There are currently
30 such detectors in France and 15 more will be released in 2017.

Website: Sciences & I'Ecole

o e-PERON: a virtual lab dedicated on cosmic rays.The Labex OCEVU (a cluster of §
. research laboratories located in the south of France) and the Observatoire Midi-
Pyrénées offers the possibility for the teachers and their students, from high school
QDﬂ to university to experiment cosmic ray physics for real on a dedicated platform
Fsiime fssir By csariqun st sl online. Via a website, they could select their own experiment through several ones
{muon lfetime, East/West effect, Rossi experiment, Auger experiment, cosmic ray network) and downlad the
data during a choosen period. The experiments are located on the Pic du Midi de Bigorre in the French Pyrenees
and are running continuously since may 2015. The use is in open access.

GERMANY

Cosmic@Web: is a web platform that gatheres and provides the data of

cos M l C@WE B different experiments in the astroparticle physics. It allows students to analyse

Das Webintertace won physik bepnion in Zswen . data on their own, without special programming skilis and even write their own
research papers. Website: Cosn

|

79



—'\ Netzwerk Teilchenwelt: On the track of the Big Bang. In the network "Netzwerk
( 3 TEILCHENWELT Teiichenwelt® one can enjoy particle physics and astroparticle physics to touch. At
> in schools, student labs or ms, young people and teachers across
the whole of Germany experience the workd of Quarks, Elektron & Co. with real data
ftom wianee or theirown experiments If you want to know more, join the network. develop yourown projects and

ITALY

i Eetain: Extreme Energy Events - Science inside Schools (EEE), is a joint educational and

E S sclentific initiative studying cosmic rays. This strategic project of Centro Fermi, Rome
E BUanfs is conducted in collaboration with CERN, INFN and MIUR and carried out with the
E ioence 13 <= essential contribution of high school students and teachers. The physics research

interests include the properties of the local muon flux, the detection of extensive air

showers, and the search for possible long range lations bet far tel pes. The experi t is based on
a network of "telescopes,” the most advanced particle detectors (Multigap Resistive Plate Chamb MRPC), built
at CERN by teams of students and teach Tek pes are located in high schools distributed throughout Italy

and are controlled by students. Currently, about 50 telescopes are taking data, and more than 90 institutes are
analyzing data. Data from all telescopes are centrally collected, reconstructed and distributed to the students.
Regular vid ferences, terck meetings and visits are organized with the involvement of all institutes.
More than 50 billion tracks have been eolleded and are presently studied by s&udents and professional

POLAND
Cosmic-Ray Extremely Distributed Observatory (CREDO) is an expanding world
C R E D@ 3 wide network of cosmic ray detectors, utilising both professional observatories and
THE QUEST FOR UNEXPECTED 3 public mobile devices such as smart phones. The main objective of CREDO is to

look for cosmic ray events which are extended in both time and space and thus beyond the abilities of localised
detectors to identify. Such events have interdisciplinary applications in areas such as geophysics and space
weather as well as astrophysics. The involvement of non-professional science enthusiasts in CREDO is enhanced
by Dark Univmse Welcome whem c'aizen sciantists are invited to explore the oosmic ray events detected around

RUSSIA

Showers of Knowledge is an open outreach educational project that aims to bring internet users worlkdwide to an
analysis of data of the of real online cosmic-rays experiment. It is developed at Joint Institute for Nuclear
Research (Dubna, Russia). The project consists of the distributed setup for researching cosmic rays RUSALKA
(‘mermaid”), comprising 11 stations located in the area of about 0.5 km in diameter; and the interactive intermet
portal livnijinr.ru, where users can run a varnety of pre-made data analysis scripts with their custom parameters.
Our feature is the possibility for users to communicate with real particle physicists developing the project. Website:

SPAIN

@ Cazadores de Rayos Gamma is a high energy astrophysics web application where students can
analyse data from the MAGIC telescopes using a python programming environment. This outreach
application combines a storytelling approach with science and programming challenges for the users.
/|, 4 PhD students introduce the user into high energy astrphysics research and the observations and

- W

' analysis done with the MAGIC telescopes. The user will learn about fundamental physics related to
Supet Nova Remnants, Black Holes, Dark Matter,... and also about specific astronomical sources such as
Casiopea A or the Crab Pulsar. The project was developed at the Institut de Fisica d'Altes Energies (IFAE) in
B L At the t only a spanish ion is available. But soon it will be translated to other languages.

80
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Ci ic ray h in Stockholm: The Royal Institute of Technology (KTH) and Stockholm
* House of Science offer high school projects on cosmic rays to Swedish students in the final year of
I high school. Muon detectors of different sizes are available for students to borrow, or use in our
d research labs. The participating students pose their own research questions, which they then test
with one or more of our muon detectors. As part of this project a muon detector is launched on a
weather balloon once a year to measure the cosmic ray flux at amtudee up to 35 000 km ‘I'he data from each

ﬁghtseolededmadahbasewhohnheety ilable to any: t ted in collab g with us. Websit,

TAIWAN
: QuarkNet-TW started in 2006. While we have worked with both high
@ =chool and university students, most participants have been university
jarkNet- e Y
QuarkNet-Tw -1«;":( l students. We have prepared full usage of raspberry pi and python
programs. {Using the QuarkNet detector is included in the senior course

"Experiment for Modem Physics® by the Physics Department of National Cheng Kung University.) However, we
are moving QuarkNet-TW to the Taipei Astronomical Museum {TAM) which is more practical for high school
students In addition to uploadung data to e-Lab, students can analyze and view their data in real time.

Ext to ast! Ty possible at TAM, and interested students can do some hands-on experiments

related to electrical engineering.

UK
% Detecting Cosmic Rays — possible student projects: Three portable
UNIVERS ITYOF scintillation tel pes, each prising a pair of scintillators, have been
Bl le | NG HAI\’ constructed, following the QuarkNet design, in the School of Physics and
Ast y at the Uni ity of Birmingh These tel pes can be set
up and used iently by students to the flux of cosmic rays; its d d on di bety
the scintillators, on zenith angle and on height {e. g on the successive floors of a building). Results can also be
stored and lysed using dard QuarkN These tel pes , with worksheets outlining possibk
i tigath can be b d by schools and colleges for student projects. For more information, please
contact :

High School Project on Altrophy:lce Research with Cosmics (HISPARC) is a project in which
HisP y schools and institutions join forces and form a network to measure cosmic rays
with extremely high energy. HISPARC offers students the opportunity to participate in real research,
with the purpose of finding out more about these mysterious and rare cosmic particles. Schools
purchase HISPARC detectors and students install these on the roofs of their school. The HISPARC
project started in the Netherands in 2002. The HISPARC detectors are connected to a central computer at the
scientific institute Nikhef in Amsterdam through the intemnet, forming a large network. The project is coordinated
from Nikhef in Amsierdam The project spread to the UK in 2012 with fivst the Universities of Bristol Bath and

QuarkNet Cumyru builds on existing STEM programmes linked with HISPARC and QuarkNet and a programme to
pilot the use of cosmic ray detectors in schools across South Wales. Since January 20186, the project has tried to

th dary school students in STEM activities through engag t in real hands-on astrophysics
expecimente—meaeunng cosmic rays using detect: based in schools. Equip tis ilable for loan to those
schools that need A level particle physics laboratory equip t. A website will eventually act as a repository of

the resources for using the in the andasa

Ieaming space where schools can

SA

AT Cosmic Ray e-Lab Studies: provide opportunities for high school students to conduct

ﬁ . QuarkNet their own scientific investigations either with data they collected themselves or with

. data from their peers. QuarkNet teachers receive a kit to build a portable, configurable
classroom detector; non-QuarkNet educators can purchase the DAQ with GPS,

and temp and They can buy the rest of the parts commercially. The browser-

based e-Lab provides analysis tools for four different studies and a guided inquiry instructional tool complete with

student and teacher pages. To access the e-Lab educat quest they create accounts for their

students. The Data Portfolio provides additional cl activities that develop student & viedge and skills

needed to complete their seienmc invesfgeﬁon
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Thanks a lot for your attention




