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CNAO data
* Calibration with Carbon and proton beams
* /Zreconstruction on GS| data with CNAO calibration
* Measurement of effective attenuation length of a bar
* Discussion on calibration strategy



GSI| data: how to handle

Analysis

update on GS| Front Iayenr _t Rearlayer S
and FNAU data : : From FLUKA simulation
erfcarc!o : we got that 400 MeV/u
Ridolfi ; ; Oxygen loses ~569 MeV
: (in each bar)
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Calibration run(nr. 2242) ~70k events, physics runs (nr. 2239-40-41) ~60k events in
total



Calibration of bars
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Calibration of bars
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TOF resolution

el As there is no measurement of the delay due to cables

:::?:trmlndiiz and electronics, the offset is evaluated using the time
spent by the Oxygen to travel from SC to TW(223.1cm

Riccardo in ~10.43 ns)
Ridolfi
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Checking charge of GSI| Oxygen

2
From Bethe-Bloch formula d—E X s
daor = 2
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Fragmentation runs

Analysis B
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Spotted fragmentsin FOOT

Analysis Charge good combination -
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CNAQO data: ntuple format

Analysis

update on GSI [E there is no tw_layer, tw_bar is a

= ﬁgﬂ E115_CMNAC 1_ntu.root O . . . . . . .
and CNAO data o #|OuTree:2 ' vector<int>indicating if a baris fired

Riccardo [N NS ¥ tw_bar > or not
Ridolfi ~|EEEEE § tw_BCRatio

----- Ry EE@ED /home/FOO0T-T3/amengarelli/CNAO_ntuple/*_1_ntu*
..... mw E,IE@EH)

..... ﬁm_ﬂmen 3 Carbon beams: 115, 260, 400 MeV/u
1 proton beam: 60 MeV

Every .root file is the sum of all runs at the same
energy



Layout of hit bars
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Layout of hit bars
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Why those holes?

Analysis
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Light vs energy: Birks' Law

Analysis . — :
update on GS| For organic scintillators, the relation between AE’mC

and CNAO data the emitted light and the energy deposited by an Q = Pa 1+ pbAEmC

ionizing particle is not linear
Riccardo
Ridolfi

absolute normalization

Birks constant x
quenching parameter

From FLUKA simulation

Front 3.37+0.16  33.4+1.2 42.2 +1.1 74.1+1.1
Rear 3.54+0.17 33.5+1.2 42.5+1.1 77.4+1.1




Example of calibration
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Do = 2.13 +0.18¢/MeV
pp= (1.1940.26) x 1072 MeV~*

The calibration procedure is
in Charge identification of

nuclear fragments in particle
] therapy paper by Pisa group
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Adding GS| Oxygen to Birks
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Adding GS| Oxygen to Birks

Calibration Parameters without Oxygen with Oxygen
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Some Oxygen points liesonthe | lo=0l L5020 01
update on GSI 20+015 . ‘
t— visible f 2 3 1924013 113 £0.20 0.6
curve, some not—= visiple Trom X° | sx<ous 117 0.19 0.6
and CNAO data 5 2274015 1.19+0.19 0.5
values 6 213+0.15 118 +0.19 0.5
H 7 2.02+0.14 1.19 £ 0.20 0.5
Riccardo 9 2.06+0.16 1.19 + 0.24 032064016 1194024 03
Ridolfi . . 17 1.9440.14 1.22 +0.21 07]1924014 1254021 41
1dolTi Oxygen we|ght|slowerthan 18 1.88+0.13 1.22 +0.20 09| 186+013 1234021 44
20 227+0.14 1.34+0.22 1.7
— 21 220£0.15 1.30 +0.22 1.2
Carbon due to lower statistics— 2 2x:0b L0022 .2
. . 23 214+0.15 1.21+0.21 0.8
fit results with or w/o Oxygen are;; s 02 iy )
25 1.71+0.13 1.16 + 0.22 0.2
the same 2  2.18=0.15 118 +0.21 0.2
27 227+40.16 1.20 +0.21 0.2
28 2.20+0.16 1.20 +0.21 02224016 1.204021 02
29 2.05+0.17 1.14 +0.25 012054017  1.13+025 0.1
30 2.13+0.18 1.19 + 0.26 022144018 1.244026 0.9
on o9 on seo 17 31 2104017 1.22 +0.24 02210017 1244025 05
ol ol 32 29284016 1.17 £ 0.20 042284016 1184020 05
3 [ 33 1.91+0.14 116 +0.21 031914014 1.16+021 04
34 22040.19 1.41 +0.30 1L1]2324019 1564030 29
36 1.94+0.15 1.11+0.23 06| 1924016 1164024 59
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/ reconstruction of GS| fragments

hZcharge_equalrad_good_comb

= Entries 27553
= 0 Mean 7.802
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Z

Systematic shift on Z reconstruction under investigation —
despite low statistics FOOT is able to identify all produced
fragments
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The light attenuation length is not the

attenuation along the bar(losses,
reflections etc...)

We expect a lower value for the attenuation

length in a 40x2x0.3 cm bar

The following plots are fitted with:

L/2 +x

fi(x) = A exp (— p

), f(x)=A,exp (—

Evaluation of attenuation length

orernes o o o o

Light Output (% Anthracene)

Scintillation Efficiency (photons/1 MeV e7)

Wavelength of Maximum Emission (nm)
Light Attenuation Length (cm)

Rise Time (ns)

Decay Time (ns)

Pulse Width, FWHM (ns)

No. of H Atoms per cm® (x1022)

No. of C Atoms per cm® (x1022)

No. of Electrons per cm? (x1023)

T

Density (g/cm?)
Polymer Base
Refractive Index
Softening Point
Vapor Pressure

Coefficient of Linear Expansion
Light Output vs. Temperature

Temperature Range

from Development and characterization of a AE-TOF detector
prototype for the FOOT experiment paper by FOOT collaboration

TECHNOLOGY

10,000

425
380
0.9
21
2.5
5.17
4.69
3.33
1.023

10,400 9,200 10,000
408 435 423
160 400 250
0.7 1.0 0.9
1.8 3.3 2.4
2.2 4.2 2.7
5.15 5.17 5.17
4.68 4.69 4.69
3.33 3.33 3.33

1.023 1.023 1.023
Polyvinyltoluene

1.58
75°C

Vacuum-compatible
7.8 x 107° below 67°C

At 60°C, L.O. = 95% of that at 20°C

No change from 20°C to -60°
-20°C to 60°C



Evaluation of attenuation length
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Riccardo Map of hit bars
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We choose two bars (9 and 30) with most of statistics and we evaluate the
attenuation length, results from both bars are reported
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C@115, 260, 400 MeV/u and p@60 MeV

Analysis QLR C115_baro QL.QR C260_barg
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Results for bar 9

Analysis
update on GSI

and CNAO data © COTSMeWW  CQZ0MeVl  CEAOOMeV/  p@EOMeV

Riccardo A g lem] 43414 45.1+2.1 45.5+2.4 42.8+4.1
Ridolfi

Ay leml] 37.421.1 39.9:1.6 38.9£1.7 36.5:2.8

Systematic difference between A left and right, maybe due to a
different coupling between bar and left/right SiPM?
Results are compatible over different energies!



Results for bar 30

Analysis
update on GSI

and CNAO data © COSMeWW  CQZ0MeV  CEAOOMeV/  p@EOMeV

Riccardo Ny 0] 43.041.6 42.152.2 42.0£2.3 41.9+4.5
Ridolfi

Ay leml] 43.5+1.6 43.432.1 42.2+2.3 39.2+3.8

No systematic difference between A left and right, results are
compatible over different energies!
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Behaviour of / QOLOR
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Relative difference between maximum and
mimimum /0 Q, values is = 10% = if corrected,

better resolution can be achieved!



Behaviour of / QOLOR
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Conclusions

Analysis GSl data:
update on GSI
and CNAO data * dE/dx resolution ~4%
Riccardo * TOF resolution(89+1) ps, below 100 ps
Ridolfi * Resolution on Z reconstruction ~2%
* First fragmentsin FOOT

CNAO data:

* Calibration of bars with Birks’ law

* Zreconstruction on GSl data, systematic shift observed — Oxygen
underestimation, difference between GSI and CNAQO setup?

* Attenuation length is consistent over different energies

* Observed systematic A difference in bar 9— bar-SiPM coupling?

« Signal /0,0, shows position dependency, up to 10% difference from the centre

to the end of the bar = more precise calibration needed (“pixel by pixel”)?



Thank for your attention!




Calibration using CNAO and GSI Data: Slab 34 - 38

Calibeation slab 33 Calibeation siab 34 Calibeation siab 36 Calibeation skab 37

Calibration slab 38
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(c) Fascio di ioni carbonio a 400 MeV /u (d) Fascio di protoni a 60 MeV
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