Particle absorption
N @ medium
using a CB
detector

a (not so) short introduction
to the CB

and how to observe

sarticles absorption

In Erice!




The Cosmic Box



Why a EEE - CB ?

In the early EEE times o
the CB |
was thought for

© measuring the

efficiency of the
Alice ToF MRPCs and

later EEE MRPCs

° allowing several ol
didactical | e |

measurements about
Cosmic Ray



How does

A scintillator emits

a scintillator work ?

when an
deposits E2 e 5 =
stat
while passing through the 3
material pumy *f\;/l\*
. . . ground ¥
Scintillation processes E1 tate

are based on the

of electrons on
typical in



How does the light Is
collected ?

The surface of the
scintillator is usually

Epainted
with reflective coating

Bwrapped
with a reflective film
In average to photons are
released :
Thus of the depending on
emitted lig particle energy
Into the particle type

scintillator volume scintillating material



The Silicon Photomultiplier:

a light amplifier
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The SiPM is simply a registor 4
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Reverse Biasing Voltage

the strong electric field
brings to

a short and
amplified

electric pulse




Photomultiplier:
a light amplifier

PN-junction _
N-region\ & P-region The SlPM g
- \:\V Tt is segmented
- - + + .
= + into little pads

_ @ |T+7
A T Q +j+|_ 10-30 pm
= = l =% + Trench
IwiderI:feF;lEﬂm the gain is 105-106¢!
= ol It is able to detect
Reverse Biasing Voltage even a single —
photon!
(sunlight is

1020-1021 photon/s)



Coupling the SIPM to the
scintillator

Different coupling

methods 3 _______scintillating plate
1. with _ . ——— WLS fiber ring
. - e '__ .
_ _ _ —— MRS APDs
"shift" the light emitted P

by the scintillator

2. last CB versions: i f“\ | ]
both scintillator and SiPM \ﬁ I \

are tuned on blue light 7 b e




Coupling the SIPM to the

scintillator -

35%

Different coupling methods
SiPM _
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The coincidence module:
how to reduce false particle rate

P(AnB)=P(A)P(B) uncorrelated

1
|
|
|
|
L :
spurious signals in scintillator TOP in AT = v1.AT i TOP tile
spurious signals in scintillator BOT in AT = v2«AT i
where v1 and v2 are spurious signal rate per scintillator i
|
|
. . . |
Rate of spurious coincidences: i 10-100 ns
1
v(false coincidences) = 2eV1ev2eAT2 ~ 2¢(10 Hz)2¢107 s ]
_ >] BOT tile

~ 2-10-5 Hz

Exercise: since each scintillator tile is equipped with
2 SiPM, which is the real spurious rate for the CB
detector?

e e e e e (e e e e e E————

———-—-—T



Cosmic Ray absorption
iInto a medium

IN @ hutshell




Cosmic ray secondaries
absorption in a medium

In the upper atmosphere stron

P interactions produces 1 and
mand K 1t and K
starts also :
: decay into
electromagnetic
showers M andv

, electrons and
positrons




Why a particle is effected by passage through matter:
an effective (but incomplete) classical interpretation

®: particle flux [particles/(s m2)]
N: number of scattering centers

: particle cross section (m?2)
(not really... but please be patient)

Number of scatterings per unit time:

| « N ®

[l]=[sIMm2m?2]=s"1




Why a particle is effected by passage through matter:
the cross saction, an invariant quantity:

does not depend on the frame we observe the interaction from

proton 1 proton 2

the cross section defines
the interaction between objects and not the object alone!



G,, [mb]

Why a particle is effected by passage through matter:
the cross saction, an invariant quantity:

it varies with the energy available

during the interaction between the objects

- —— best fit with stat. error band
i incl. both TEVATRON points
100 |- total error band of best fit: _—
total error band from all models S .
_ considered -
| / P
- *
60| 5
o [
£ = |
| 32 7 2
o} = - e - Lo
L L eaal i il
10° 10 10°

Well... a bit puzzling...
same particles at different
energies
means different cross
sectionsiii]

(1 bar = 10-24 cm?)



Energy deposit per unit length (keV/cm)
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What happens to a chargead particle
chrougn matter (et/-,u, 1, p, d etc.)

ALICE performance
pp, Vs =13 TeV
B=02T
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10" | 1
Momentum (GeV/c)

lonization Minimum ~ 3-4 particle masses

Let's measure everything in terms of
ENERGY

leV=1.610109]
Momentum:
[p]l=[mv]=[mv?/v]=[E/v]=eV/c
Mass

[m]=[mv2/v2]=[E/v2]=eV/c?
m,~1 GeV
m,~106 MeV
Mm.~511 keV



Stopping power [MeV cm?/ g]

100

10

I II|II1||

1

Bethe-Bloch

minimum ionizing

| /

Radiative Losses

radiative
losses

without &

--—-—--—
-
—

--—-.—r--.—.—

- s ——
G — —
o — —
- —

il

—

=

0.001

1 10 100
By

1000 104

(.1

100 1 i
[(:EVTQI

Momentum

100 1 i =

\ i b




Gas
Molecule

Charged Particle
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What happens to a chargead particle

chrougn matter (et/-,u, 1, p, d etc.)

Electrons
(and also muons!)
are captured
by an atom
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Life (5)

Unstable particle end of life: muon decay

Muon Life vs Kinetic Energy

Kinetic energy ~ Muon Mas

Mean life at rest
~ 2 microseconds
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Kinetic energy ~ Muon Mass
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Life (5)

Unstable particle end of life: muon decay

Kinetic Energy (eV)

Muon Life vs kinetic Energy
+ D
AN u+ Decay
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Flux decrease: a (first order) expectation

®: particle flux [particles/(s m2)]

N: number of scattering centers

: particle cross section (m?2)
(not really... but please be patient)

Number of particle lost per unit time:

ADS « -N D

thus the flux decrease is
not constant but it
depends on the actual flux
P




Flux decrease: a (first order) expectation

(o)) cosmic radiation flux ADS x-NOD
® AP  No  pxo
> 5 S
po
® O(z) = P(0)exp | — ?T}

A 4
relative variation
per unit lenght
A—

Open air Terrace Lecture Room Underground



The measurement with the CB

4 measurements will be performed:

e external
e underground
« ground level l

¢ terrace

Few questions to be discussed within the
working groups.

1. how long the measurement
should be taken ! l
1. the best position?
2. the uncertainties?
3. which variable has to be studied? l

(Counts, Rate ... etc)



The measurement with the CB:
the Google sheet

< 5 a 3 s 2 \ %
Misure di assorbimento con le Cosmic Box - Erice, Dicembre 2018 A =] ‘

File Edit View Insert Format Data Tools Add-ons Help Last edit was made 12 hours ago by Silvia Pisano

~ o~ P O100% - § % .0 .00 123-  Arial - 0 - B I & A <& H =-1-|5-%- B W Y -3- A
_f."\' =SUM((‘JUERII'(“” i 1% ’-'.'),QQERY('GrOUp 2'1A2),QUERY( 'Group 3'!A2),QUERY( 'Group 4'!A2),QUERY( 'Group 5'!A2),QUERY( ), QUERY('Group 7'!A2),QUERY('Group 8'!A2),QUERY( Group
A B c D E
1 MI-1: Misura Interna - Livello-1  Errore assoluto - sqrt(N_MI-1) Errore relativo - sqrt(N_MI-1)/N_MI-1 Durata (minuti) Frequenza media di acquisizione (Hz) ||
2 | o) 0 FALSE 30 0 '
3
4
5
6
7
8  MIO: Misura Interna - Livello 0 Errore assoluto - sqrt(N_MIO0) Errore relativo - sqrt(N_MI0) /N_MIO0 Durata (minuti) Frequenza media di acquisizione (Hz)
9 0 0 FALSE 0 FALSE
10
11
12
13
14
15 MI+1: Misura Interna - Livello +1 Errore assoluto - sqrt(N_MI+1) Errore relativo - sqrt(N_MI+1)/N_MI+1 Durata (minuti) .Frequenza media di acquisizione (Hz)
16 0 FALSE 0 FALSE
17
18
19
20
21
22 ME: Misura Esterna Errore assoluto - sqrt(N_ME) Errore relativo - sqrt(N_ME) /N_ME Durata (minuti) Frequenza media di acquisizione (Hz)
23 0 FALSE 0 FALSE
24

+ = Summary ~ [ POLA-O1 ~ Group1 ~ Group2 ~ Group3 ~  Group4 ~  Group5 ~ Group6 ~ Group7 ~ Group8 ~ Group9 ~ Gro 4 b




The measurement with the CB:
the source of uncertainties

i (rt)*
K

P(k events in interval t) = e

0.40 7

Foisson Distribution

0.351
where r is the rate of particles -
and
t is the time of the measurements 095
& 020
when we measure we have £
just 1 value Lty
which we expect to be close to the .
mean value B
0.051
PROPOSAL: 0.00.

try to obtain experimentally with a CB
the Poisson distribution.

(Taking note of counts for short intervals)

B mean =1

b /7 8 9 10 1

s bR

Murmber of Qcourances

14 15 16 17 18 19

M mean=5 [ mean=10



The detector

& 2 scintillator planes

Distance between planes: 15 cm
4 tiles per plane 30 cm x 20 cm
Each tile 2 SiPMs

Efficiency > 96% (overall)

Detector construction @CERN

Addressing a NS ==
POLAR detector SRt S« ks

~ —

POLAQOl installatiorzon Nanuq




Correction to POLA-0O1:
bringing POLA-01 outside!

Scientists often have to correct their
experimental data using data
coming from other experiments.

Let's think how to correct POLA-01
rate measured inside the building
in order to guess which rate would
be measured by POLA-01 outside.

Using the CB data collected during
the 4 measurements:

» which positions for CB for the
best corrections to POLA-01 data?
 how to perform the correction?

Rate?

~

l POLA-01

N




Correction to POLA-01:
bringing POLA-01 at the sea level (EEE paper)!

1,05 EEE students already measured

the abosrption of CR by the

1,00 |
atmosphere.

y=0,2451x+0,8116

0,95 -
~25%/km

0,90 |

085 Let's think how to make use of

Fequenzadi Conteggio Normalizzata

oo ] | TR this measurement to guess
; | — Fit lineare sui punti sperimentali What POLA_Ol WOUId See at the
0,75 - - | sea level
0 0,2 0.4 0,6 0,8 1
Quota (km s.l.m.)
GIORNALE DI FISICA VOL. XLII, N. 2 February 2018

Come varia il flusso dei raggi cosmici con la quota? Basta chiederlo
agli studenti del progetto EEE
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How does
a scintillator work ?

. . . L ] [ ] @ — ]
A scintillator emits :
when an bty 7 s
. Px Py, Pz sp? hybrid orbitals
deOSltS tetrahedral
while passing through the
material
® @ g °
5
Scintillation processes e et sﬁ;;ﬁgf;;f:ls
Px: Py
are based on the
2 — o
of electrons on , ’ £ sp hybrid orbitals

linear
#128894654

typical in



| Wts

The CB constructin

The optical grease

S N\
X

... for the light couplin
between scintillator an
SiPM




The CB contrction

The SiPM on the scintillator: .

2 SiPMs per scintillator tile are
installed

for reducing the noise (see later)

modeling clay for
keeping out the light




_ The CB construction

— = s.a’
e AL e

The mylar reflective
coating



The CB construction

Closing the scintillator



the SIiPM




The CB construction




The CB construction




The Front-End electronics

The 2 SiPM signals are

amplified and
compared

with a reference
threshold.

A digital LVDS signal is
provided by the FE

electronics per each
analog

signal from the SiPM
(single SiPM or coincidence
can be selected).




The Front-End electronics

Differential Signal

Vod=VoA-VoB

-100mV

The higher the analog

signal

the wider the digital
signal

y/
f

+ 400mV

- 400mV



The FE first calibration

The scintillator + FE
yields false signals
(not related with particles)
it's called NOISE.

The threshold are adjusted
In order to have a counting
rate per SiPM higher than
the expected particle rate.

Vexp~ 170 P/(s m2) - (0.15 m)2
3.8 U/s




The Coincidence
calibration

The 2 s_ccintillatorsd+ Ithe 2: 4 Hx
coincidence module
. N
have been tested in 3 |\ ]
different
configurations
for the final approval 3: 0.5 Hz
-A"-
-\ N | 20
cm

1: OHz -\ |



The CB - how to operate

Powering the CB:

there are 2 power
connectors:

1. jack 5.5 mm
2. USB
both powered at 5V

by a power bank

(but you can also use your
laptop or the DCDC provided
with the CB)




The CB - how to operate

Front buttons
and display

% ¢ i

Selectors for Start/Stop/Reset
COINCIDENCE logic (UP the counter

means ON)




The CB - how to operate

Each CB has
a complete set of signals

available on the rear dual-in line connector:

TOP out signal

BOT out signal

EXT out signal
COINCIDENCE signal

EXT in signal
START
STOP
RESET

thus can be operated by a dedicated PC




The CB - how to operate

The sunlight
The e.m. waves

are NOISE sources

Before starting the
measurement use the
aluminum cover to
protect the CB from
external noise



The CB - how to operate

How to perform a .
meaSLI?rement: take note of:
1. find a flat surface where a. counts

laying your CB b. start and stop time (with

5 seconds max uncertainty)

C. pressure (at least 3
measurements during the
count)

d. altitude (try several
measurements with different
mobiles using GPS)

2. check the of the
CBis | by any
side wall

3. power it
4. protect it with the cover

5. start the measurement
Always take note of all the
values!



