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Introduction
The interest of the radiation oncology community in the
application of FLASH radiotherapy is constantly growing.
In FLASH therapy the prescribed dose is deliveries to the
entire treatment volume in a very short time interval.
Early preclinical data show that these extremely high
doses rates provide significant sparing of healthy tissue
compared to conventional radiation therapy without
reducing cancer cell damage. This sparked also an
interest in proton and hadron therapy community.

Aim
In this work we investigate the possibilities of
studying the FLASH effect with heavy charged
particles on available particle accelerators.
The accelerators should be able to deliver
high dose for a very short time to investigate
FLASH effect, but also should be able to
deliver the same dose for longer time interval
in order to reproduce the conditions during
the standard therapy. The number of
available accelerators in the world satisfying
the above requirements is limited.
Two
accelerators are considered in the study LINAC-4 at CERN and NUCLOTRON in Dubna

Prospects for study FLASH effect
whit protons and heavy ions
LINAC4 (CERN) accelerates protons
to 160 MeV/u. The beam size is
Gaussian whit 𝜎𝑋𝑌 = 15 × 30 mm.
The number of particles per pulse
is around 1.00 × 1014 , and in one
bunch is around 1.14 × 109 .
https://cds.cern.ch/record/1004186/files/ab-2006-084.pdf

Beam required for full
body penetration:
➢ p 230 MeV/u;
➢12C 450 MeV/u.

There are animals irradiated with
carbon ions accelerated to 500 MeV/u
by Nuclotron (JINR). The beam size is
Gaussian whit 𝜎𝑋𝑌 = 40 × 40 mm. The
number of particles per pulse is
around 2.00 × 109 .
http://inis.jinr.ru/sl/ntblib/lhcp2015_proceedings_p565.pdf

Dose Rate required
for FLASH effect:
➢ dD/dt > 40 Gy/s;
➢ t < 1 s.

Materials & Metods
To achieve the objectives of the work, numerous radio-dosimetry MC
simulations were performed using GEANT4 and FLUKA. Initially, a set of
simulations of a water phantom placed on the path of a wide beam of
charged particles was performed. The design beam parameters of LINAC-4
and NUCLOTRON are used as an input for the simulations. The results of
this initial set of simulations served to estimate qualitatively and
quantitatively the radiological dose in the aqueous phantom in terms of
FLASH effect requirements. After an assessment of the simulation results a
new set of simulations has been performed where a detailed phantom
composed by a vessel with appropriate dimensions and a cuvette to place
in-vitro cell culture has been simulated. The volume and position of the
cuvette has been optimised in such a way that the dose in it is maximal,
homogeneous, and measurable by a radio-biological method.
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The black text show
the total dose.
The red text show the
dose from protons.
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Water in tank (PMMA)
➢ Cross section 40 × 20 𝑐𝑚2
➢ Length 40 𝑐𝑚
➢ Wall thickness 0.5 𝑐𝑚

Cuvette tip (Y) → (10.6) cm

Aluminum stand
1 𝑐𝑚 thick

Dose maps of 160 MeV proton
beam delivered by LINAC4 (CERN)

Dose maps of
430 MeV/u 12𝐶
beam delivered
by Nuclotron
(JINR)

Discussion
❑ The volume of tissue added to the cuvette is 5 ml, which is the minimum
required for radiobiological evaluation of cell culture.
❑ The size and type of the cuvette is chosen so that the added tissue is
irradiated as homogeneous as possible .
❑ The cell culture position is at the maximum of the Bragg peak.
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Conclusions
The results of the
simulations convince us
that it is possible to study
the FLASH effect with
protons on the LINAC-4
accelerator at CERN and
carbon ions on
NUCLOTRON at JINR
(Dubna).

