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NICA

Physics Reports 800 (2019) 1-37

Contents lists available at ScienceDirect

PUYSICS REPORTS

Physics Reports
| | SFVIFR journal homepage: www.elsevier.com/locate/physrep
Applied nuclear physics at the new high-energy particle )
accelerator facilities oy
Marco Durante >°*, Alexander Golubev “¢, Woo-Yoon Park ¢,

Christina Trautmann &
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Biomedical applications: opportunities from new F_\IR
accelerators
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Patera et al., Front. Phys. 2020




250 participants from 27 countries in 5 continents
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High-energy: space research

EXPANDING HUMAN PRESENCE IN PARTNERSHIP

CREATING ECONOMIC OPP()PTUN[T]ES ADVANCING TECHNOLOGIES, AN ENABLIN(: DISCOVERY. -

After 2030
Leaving the Earth-Moon
: b A 2020s . . System.and Reaching Mars
“ Now . . 2 7 Orbit
. ting in the Lunar
Using the O;?er » :
International Space Station Miciiky poving. grotinch ’
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, 2 szznl:;rfég?;c:;"v: prinl : . Be'gin_mi_s_sions incislunar. 8 Complete next deep*
2 g " - /" space.Initiate next key space capability and
xploration challenges. : deep space capability. * checkout.

I valuate potential for lunar
! qx ources. Develop
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Lunar exploration is coming....
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_ Artemis Support M9 Artemis Support “3
\ ‘\ - Artemis Support . Mission: First ~ Mission: Hupman P2 Artemis. il
) Artemis Il First humans ~ ~ Mission: First pressurized Landing System ' Croiwed isaicn
o+ to orbit the Moon inthe ~ MiGN-power . mogule delivered delivered to
\ 21st century Solar Electric to Gateway Gateway % Gataway and
o - Propulsion (SEP) de lunar surface
4 Artemis I: First human system
spacecraft to the Moon
in the 21st century
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” Commercial Lunar Payload Services _— .\ 17
‘__,:: - CLPS-delivered science and technology payloads Large-Scale Cargo Lander g-,- - - m‘ .
- Increased capabilities for science T
Early South Pole Mission(s) and technology payloads

- First robotic landing on eventual human lunar
return and In-Situ Resource Utilization (ISRU) site
- First ground truth of polar crater volatiles

Humans on the Moon - 21st Century
First crew leverages infrastructure
left behind by previous missions

LUNAR SOUTH POLE TARGET SITE
2020 2024
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Life 2014, 4. 491-510: do1:10.3390/11fe4030491

Review

ISSN 2075-1729
www.mdpi.com/journal/life

Space Radiation: The Number One Risk to Astronaut Health
beyond Low Earth Orbit

Jeffery C. Chancellor 1’2, Graham B. L Scott '~ and Jeffrey P. Sutton LA

1

ro

National Space Biomedical Research Institute (NSBRI). and Center for Space Medicine,
Baylor College of Medicine, 6500 Main Street, Suite 910, Houston, TX 77030-1402, USA;
E-Mails: jeff.chancellor@bcm.edu (J.C.C.): graham.scott@bcm.edu (G.B.LS.)

Department of Materials Science and Engineering. Dwight Look College of Engineering.
Texas A&M University, 3003 TAMU, College Station. TX 77843-3003, USA

Department of Molecular and Cellular Biology. Baylor College of Medicine, 6500 Main Street,
Suite 910, Houston, TX 77030-1402, USA

Department of Medicine, Baylor College of Medicine, 6500 Main Street, Suite 910, Houston,
TX 77030-1402, USA
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Mars Mission
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Durante & Cucinotta, Nat. Rev. Cancer 2008
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Excessrelative risk

Risk of radiation-induced late cardiovascular disease
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Nature Reviews | Cardiology

Hughson, Helm & Durante, Nat. Rev. Cardiol. 2018
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Ground-based GCR concept:

Simu Iators Irradiation 1: m I - . \\
Schuy et al., Front. Phys. 2020 odulator and energy exchange
L |
NASA Space Radiation Lak iradiation2: [FIME" E
Fast sequential irradiation of | -
Accelerator setup time & irra active energy + passive

Hybrid active-passive system @GSI Superposition of radiation fields at target

Active energy variation of *°Fe position => realistic space radiation field
Complex passive modulators

Control over kinetic energy, nuclear fragmentation and scattering -> composition of radiation field

Iterative . - )
. Monte Carlo - Mechanical Radiation field
Analytlcal . production . ) ) R
Recalculation Validation Characterization

Pre-optimization

T Re-optimization |

Input spectra
(LET, yield, kinetic
energies)
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Life Sciences in Space Research 30 (2021) 66-71

Contents lists available at ScienceDirect

SPACE

Life Sciences in Space Research RESEARCH

& 1%
L caoet F g

ELSEVIER journal homepage: www.elsevier.com/locate/lssr

L)
Check for
updates

A new type of ground-based simulator of radiation field inside a spacecraft
in deep space

1.S. Gordeev “”, G.N. Timoshenko ™"

2 Joint Institute for Nuclear Research, 141980, Dubna, Moscow region, Russia
® Dubna State University, 141980, Dubna, Moscow region, Russia

Di=dy;

Dz =di+dz;

Ds = di+da+ds; asnnn 8 11 [5] 1 mmnnsen
D4 = ditdatdst+ds
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High intensity
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Benefits
of
HIIT

[ High Intensity Interval Training ]

HELMHOLTZ



Relevant Spatial scale (um)

FLASH radiotherapy

a FLASH pulse
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Weber, Scifoni & Durante, Med. Phys. 2021
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FLASH clinical trials ongoing with electrons and protons

Radiotherapy and Onclogy xxx (2o00) X

Contents lists available at ScienceDirect

Radiotherapy and Oncology

1%

FI SEVIER journal homepage: www.thegreenjournal.com

Original Article
Treatment of a first patient with FLASH-radiotherapy

Jean Bourhis *™*, Wendy Jeanneret Sozzi® Patrik Gongalves Jorge *>, Olivier Gaide ¢, Claude Bailat ©,
Fréderic Duclos °, David Patin®, Mahmut Ozsahin ®, Fran¢ois Bochud , Jean-Frangois Germond *,

Raphaél Moeckli ', Marie-Catherine Vozenin *"!

*Department of Radiation Oncology, Lausanne University Hospital and University of Lausanne; ®Radiation Oncology Laboratory, Department of Radiation Oncology. Lausanne

University Hospital and University of Lausanne; © Institute of Radiation Physics, Lausanne University Hospitaland University of Lausanne; and © Department of Dermatology, Lausanne
University Hospital and University of Lausanne, Switzerland

ARTIECELE INEOD ABSTRACT
Am'df' history: ; Background: When compared to conventional radiotherapy (RT) in pre-clinical studies, FLASH-RT was
Received 1 April 2019 shown to reproducibly spare normal tissues, while preserving the anti-tumor activity. This marked

Received in revised form 12 June 2019
Accepted 14 june 2019
Available online xooxx

increase of the differential effect between normal tissues and tumors prompted its clinical translation.
In this context, we present here the treatment of a first patient with FLASH-RT.

Material & methods: A 75-year-old patient presented with a multiresistant CD30+ T-cell cutaneous lym-
phoma disseminated throughout the whole skin surface. Localized skin RT has been previously used over

mﬁ;‘r 110 times for various ulcerative andfor painful cutaneous lesions progressing despite systemic treat-
Nommal tissue protection ments. However, the tolerance of these RT was generally poor, and it was hypothesized that FLASH-RT
Differential effect could offer an equivalent tumor control probability, while being less toxic for the skin. This treatment
Clinical translation was given to a 3.5-cm diameter skin tumor with a 56-MeV linac specifically designed for FLASH-RT.

The prescribed dose to the PTV was 15Gy, in 90 ms. Redundant dosimetric measurements were per-
formed with GafChromic films and alanine, to check the consistency between the prescribed and the
delivered doses.
Results: At 3 weeks, i.e. at the peak of the reactions, a grade 1 epithelitis (CTCAE v 5.0) along with a tran-
sient grade 1 oedema (CTCAE v5.0) in soft tissues surrounding the tumor were observed. Clinical exam- J u Iy 1 1 20 1 9
ination was consistent with the optical coherence tomography showing no decrease of the thickness of )
the epidermis and no disruption at the basal membrane with limited increase of the vascularization.
In parallel, the tumor response was rapid, complete, and durable with a short follow-up of 5 months.
These observations, both on normal skin and on the tumor, were promising and prompt to further clinical
evaluation of FLASH-RT.
Conclusion: This first FLASH-RT treatment was feasible and safe with a favorable outcome both on normal
skin and the tumor.
@ 2019 Published by Elsevier B.V. Radiotherapy and Oncology xxx (2019) xxx-Xxx
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FLASH with carbon ions 7 - AKFZe

Beam: 240 MeV/u ; 2C; @ =8 mm (FWHM)

vacuum

beam .
window monitors Effgle 3D printed mice holder box Beam intensity : Extraction time: <200 ms
( He-COfilled ) range range  apsorber for thorax irrad. 5x10° + 20% ions per spill

shifter

modulator (with inlet for > 3x10° ions per spill (for all spills)
anesthetic gas)

Doses: 12-18 Gy. Dose-rate: typ. 100 Gy/s

Field size: ~20 x 16 mm? SOBP: 2 cm (> 60 keV/um)

~~~~~

exit window
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Bragg peak in particle therapy
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Durante, Br. J. Cancer 2019
ﬁ
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Durante et al., Nat. Rev. Phys. 2021
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=50
Range uncertainty jeopardizes the Bragg peak precision

‘Fplﬁ Cotd

Durante & Flanz, Semin. Oncol. 2019

Total margins ~ 1 cm compared ‘
to a proton penumbra ~ 2 mm R
|

Verellen et al., Nat. Rev. Cancer. 2007
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In-situ range verification with PET

Before collision After collision
Projectile _ - Projectile
fragment
Atomic nuclei @ ~.. Neutrons
of tissue Target fragment

fondazione
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Radioactive lon Beams (RIB) for simultaneous treatment and range verification
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| a | BARB: first experimental tests in June 2021
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Conclusions

24

FAIR and other new accelerators (e.g. NICA, RAON,
SPIRAL2, ELI...) offer new opportunities for biomedical
research

Both high energy and high intensity can have important
applications in different fields such as space radiation
protection and particle therapy

Space radiation research is urgently needed to allow a
safe exploration of the solar system

High intensity (FLASH, RIB, minibeams,...) can provide
breakthrough in particle therapy

The Biophysics Collaboration at FAIR is open to
contributions, ideas, proposals from the whole scientific
community, and NICA should be a privileged partner
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Thanks you very much!

AN

www.gsi.de/biophysi
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Thank you!
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