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Why do we need cross-sections measurements?
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Extrait de Battistoni et al., “The FLUKA
code: an accurate simulation tool for
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particle therapy”, Frontiers in Oncology
(2016).

Monte Carlo benchmarking
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Dokic et al., « Next generation multi-scale biophysical... »,
Oncotarget, 2016
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Flux (particles / (cm’-MeVin-day))

Characterization of secondary particles
fields
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Space radiation
protection

Galactic cosmic rays (GCR) of 'H, “He,
’Li, 12C, %0 >®Fe between 400 and
4000 MeV/u + Solar Particle Events
(SPE)
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Impact of fragmentation on dose
received by astronauts
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From Norbury et al., “Advances in space

radiation physics and transport at NASA”,
Life Sciences in Space Research (2019).

Monte Carlo benchmarking
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Important lack of data between 10 MeV/u and 10 GeV/u = energies of interest for hadrontherapy and space

radiation safety
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From Norbury et al., “Nuclear data for space radiation”, Radiat. Meas. (2012).
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Why do we need cross-sections measurements?

* Important discrepancies between models used in radiation protection

10"

Extracted from Norbury et al., Are Further
Cross Section Measurements Necessary for
Space Radiation Protection or lon Therapy
Applications? Helium Projectiles, Frontiers
in Physics, 2020.
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Why do we need cross-sections measurements?

* Important discrepancies between models and data
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How do we measure cross-sections?

» Satellites + ISS = problem: located in LEO (Low Earth Orbit)
* Ground-based experiments = accelerators facilities

o Low energy range (space): hadrontherapy facilities (CNAO, HIT,...) = “He, “Li, 12C, 1°0 & °°Fe ion beams
o High energy range > 1 GeV/u: FAIR (Darmstadt, Germany), NRSL (Brookhaven)

FAR

Facility for Antiproton
and lon Research
in Europe GmbH
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* FOOT (FragmentatiOn Of Target) : double differential cross-sections measurements of 2C, 160, “He, >°Fe

@200-700 MeV/u on C, (C,H,), , PMMA target

o Goal: cross-sections measurements with 5% of accuracy (double differential)

o Ground-based experiments at GSI and CNAO
* Zidentification = Start counter (SC) + ToF wall (TW)

Direct + inverse
kinematic approach

* A identification = magnetic spectrometer: beam monitoring (BM) + vertex detector (VTX) + inner tracker (IT) + multi- CNAC/

strip detector (MSD)
* Total energy = calorimeter (CAL)

[ Celorimeter |
Time Of Flight

|

Inner Tracker

Vertex tracker

| Multi Strip Detector I

[vegnss |

[Bean monior | : A BM
Start Counter S .
i g sSC

bl

CAL| <=

MSD -
IT

3

What performances do we want?
o(AE)

+ emulsion setup to measure fragments of Z<3 and up to 702

%<5% 28 < 5% oror < 100 ps
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A focus on FOOT project

Z identification = Start counter (SC) + ToF wall (TW)

SC: 250 um-thick plastic scintillator
(EJ-204), active surface 5x5 cm?

 Start of Time-of flight
measurement

* Trigger

* Measure the incoming flux
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Beam

\'(cm)\

T T T T T
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TW: 2 layers of 20 scintillators bars
(0.3 cm-thick, 2 cm-wide, 44 cm-
long) arranged orthogonally, active
area 40x40 cm?

* Stop of Time-of flight
measurement

* Deposited energy AE

* Hit positions
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Conclusion

Fragment Z identification
thanks to AE-ToF map

9.5
TOF [ns]

From Battistoni et al., « Measuring the impact of nuclear
interaction in particle therapy and in radioprotection in space: the
FOOT experiment », Frontiers in Physics, 2021.




Why cross-sections for applied physics? FOOT setup

A focus on FOOT project

Some results Conclusion

* A identification = magnetic spectrometer: beam monitoring (BM) + vertex detector (VTX) + inner
tracker (IT) + multi-strip detector (MSD)

VTX: 4 planes of MIMOSA-28 CMOS pixel sensors, 50
um-thick of Si, 1x1 cm?

IT: 2x2 ladders of 4 CMOS MIMOSA-28 (PLUME)

MSD: 6 planes of silicon strip detectors (3X + 3Y) of
150 pum-thick each, 10x10 cm?

= Magnet 2

Magnet 1

* Particle trajectory measurement
* Provide the momentum of the particle

From Battistoni et al., « Measuring the impact of nuclear
interaction in particle therapy and in radioprotection in space: the
FOOT experiment », Frontiers in Physics, 2021.
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» Total energy = calorimeter (CAL)

CAL: 320 BGO scintillators, truncated pyramid shape,
20x20 mm? (front) & 29x29 mm?, length of 240 mm

* Total energy measurement
* Can provide extra (A,Z) identification
coupled with TW

Marie VANSTALLE

XSCRC 2024 —-17/10/2024

ADC [mV]

450

400

350

m Proton
&+ Helium
o Carbon
+* Oxygen

300

250

200

150

100

50

(=]

50

100

150

200

250

300

350

1 | | T |
400 450
Egeam [MeV/U]

Calibration curves of calorimeter
Work from Alessandro Valetti




Why cross-sections for applied physics? FOOT setup Some results Conclusion

Detectors performances
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First measured cross-sections

* First published charge-changing cross sections (o;): 160 @ 400 MeV/u on 5 mm *2C target
o Simplified setup (no magnetic spectrometer)
o Experiment carried out @ GSI

AE-ToF map = Z identification thanks to Bethe Bloch

Beam Monitor - ‘/,
Purity calculated by MC »
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First measured cross-sections

Original Research

& frontiers | Frontiers in Physics 02 No 2
10.3389/1phy 2022979229

* First published charge-changing cross sections (o,): 0 @ 400 MeV/u on 5

12
mm *4C ta rget ® ot Elemental fragmentation cross

. .o . H 16,
o Simplified setup (no magnetic spectrometer) . sections fora "9 beam of

400MeV/u kinetic energy
O Expe riment carried out @ GSlI interacting with a graphite target

using the FOOT AE-TOF
detectors
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Preliminary differential cross-sections

160 (400 MeV/u)+ 12C > 7Li + X (GSI — 2021) 12C (200 MeV/u) + 12C - 7Be + X (CNAO — 2023)
Work from Giacomo Ubaldi Work from Roberto Zarrella

Z=3 differential cross section
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NB: MC performed with FLUKA
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Conclusions & prospects

* Prospects of FOOT experiment
o Double differential cross-section analysis of CNAO experiment performed in 2023 still on-going
o New experimental campaign will start in November 2024 @ CNAO
o Long-term: upgrade of detectors, measurements at higher energies for space and with new ions (*He, *°Fe)
o Comparison with additional hadronic models from simulation (INCL, BIC, QMD...)

. . 0.03 MC_Ekin
* Other experiments on-going - — MC._rec —
o CLINM: measuring secondary particles vyields — °%} - ba CLINM project - *2C (400

MeV/u)+ RW3 (tissue-
equivalent) - “He + X (CNAO —
2023)

Work from Levana Gesson
(Strasbourg university)

coupled with radiolysis of molecules after thick — ouf
target for space :
o Different studies on-going @ GSI 0015
Secondary neutrons oorf-

O ..and many other... - 0.005]-
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