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Introduction
As you all know, we have written a paper about charge 
identification with the ΔE-TOF system:

1) Introduction

2) Materials and Methods:
● Detectors: SC and TW + WaveDAQ

● Data samples: CNAO 03/2019 + GSI 04/2019

● MC simulations

● ΔE and TOF calibration procedures → Z id

3) Results 

4) Discussion

5) Conclusions

R. Zarrella
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Data samples

R. Zarrella

● 4 calibration runs
● p @ 60 MeV
● ¹²C @ 115, 260, 400 MeV/u

CNAO
● 16O @ 400 MeV/u
● 1 calibration run 
● 1 fragmentation run → 5mm graphite

GSI
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Energy calibration

R. Zarrella

● Raw energy is not constant along bars
● Position-per-position calibration
● Birks model with MC as reference for ΔE 
● Reliable if >100 events for all CNAO beams
● Calibrated ΔE calculation 

i = TW position             l = TW layer
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TOF calibration
TA TB

● Raw TOF also depends on hit position
● Calibration performed by matching mean 

raw values with MC reference

● Each beam calibrated separately 
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Results: Energy calibration

R. Zarrella

ΔE spectrum
¹²C 260 MeV/u

ΔE spectrum
16O 400 MeV/u

● “Intrinsic” contribution subtracted
● Energy resolution parameterized with a 

constant for tuned MC simulations

σ(ΔE)/ΔE → 4 - 4.7% for ¹²C
   → 5.3% for p

    → 5.2% for 16O
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Results: TOF calibration

R. Zarrella

TOF spectrum
¹²C 260 MeV/u

TOF spectrum
16O 400 MeV/u

σ(TOF) → 54 - 74 ps for ¹²C
→ 265 ps for p
→ 84 ps for 16O

● Intrinsic contribution always negligible
● Resolution for tuned MC parameterized as a 

function of ΔE
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Results: Charge identification

R. Zarrella

Fragmentation @ GSI

Calibration runs:
● Z reconstructed accurately
● Resolution compatible with 

requirements (2.5-6%)

Fragmentation run:
● First application of the full 

procedure
● Fragments charge determined 

with good accuracy
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Discussion and conclusions

R. Zarrella

Discussion:
● Full irradiation of the TW needed → beam time
● Differences in the experimental setups
● Fluctuations (up to 3%) of SiPM gain between acquisitions
● Scintillator light output model can be improved
● Mechanical stability → new frame 

Conclusions:
● Despite the above issues, detector response was modeled accurately
● Good overall ΔE, TOF and Z resolution  →  requirements met
● First application of Z identification to fragmentation data

Paper submitted to NIM-A on November 23rd
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THANK YOU FOR YOUR ATTENTION
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