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Interaction of x or y rays
(photons) with matter:

Compton Effect
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Interaction of electrons or ions with ! .- )
matter: |
Ionization (Coulomb interaction)

electron @
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3. Radiobiology Q
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® High energy radiation breaks chemical

bonds.
® This creates free radicals, like those produced

by other insults as well as by normal cellular
processes in the body.

® The free radicals can change chemicals in the body.




The most unkindest cut of all

(W. Shakespeare, Julius Caesar)

- LS~ Indirect

\\ Action

'o°‘°°
Q

~\ Direct




How does this damage fro
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Stochastic effects
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But we know little about charyoi Ui0o
particles... &

GCR lon Tracks Are Dangerous
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4. Heavy ions {{

Tracks in chromatin fibre
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An Analogy for Structured Energy Deposition and its Consequences

High LET radiation produces correlated damage to organized targets.

1 Dose Unit

1 Dose Unit

LET: Linear Energy Transfer
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Low LET radiation deposits High LET radiation deposits
energy in a uniform pattern energy in a non-uniform pattern



Why are we interested in energeti
heavy ions?
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Heavy ion radiation is not present naturally on
Earth




The Space Radiation. Environment
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GCR Charge Contributions
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5 ' +#NEXT GIANT LEAP

PAILY EXPRESSH)

3.56 am: ‘One small step for man but
one giant leap for mankind’

Mo 310w

TALKS TO




Disclaimer

@ Preview File Edit View Go Tools Window Help O % LA 38%HF Mon1337 Q & =
) NASA, GSI & CERN Explain W' X Marco >
5 @l
@ Secure https://www.youtube.com/watch?v=sriaiuWjUt ¥ 0 g e
2 a2 = @ @ B = 0 = @& - BTN MESe 0N BE = X 0ReMm rd S| i B e EHweo 5 Other Bookmarks As

Youi3" Search

I

Up next Autoplay @ @D

A777. 3748 1) -] We Never Have and Will Never Go

To The Moon. NASA: You Suck!
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i Why No Pictures Of The Moon
Landing?
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How Particle Physics Killed The
Moon Landing...

Dallas

EUF: In Lies we trust, Earth
appears not to be as told.

NASA, GSI & CERN Explain Why We Cannot Go To The Moon Today

Joe Maddox 1
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- - ! - Landing and Mars Hoax Proven
Published on Sep 1, 2016
NASA shows on their heliophysics .gov site that there is nothing filtering or slowing the particles from the sun. There are things accelerating
them and condensing them like our accelerators do. ESA

Richplanet - New evidence on
Stanley Kubrick faking the Apollo
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SHOW MORE Moon landing (full version)
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| do believe that humans landed on the Moon!
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Health in Deep
Space

1. Protection from space
radiation (particularly very
high energy heavy ions)

2. Psychosocial and
behavioural problems

3. Physiological changes
caused by microgravity

Modified by Mike Lockwood




NASA 1-year ISS twin study (March 2015-2016)
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Observations for: Body mass changes Telomere length

. . regulation
1 year in ISS orbit Vascular health “ g
Chromosome stability

Ocular structural
changes Cognitive performance
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t Synergistic impairment I
[
Impact by other space flight-associated stressors such as SCle I Ce
noise, isolation, loss of circadian clock, etc.
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Predicted risks for: Vision Cardica iR Cognitive Tumour

1 year in ISS orbit impairment disease decline development

Predicted risks for: Vision Cardiovascular Cognitive Tumour
1 year Mars travel impairment disease decline development
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Biological effects of heavy ions /@
No human epidemiological data
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Chromosomal aberrations induced by heavy ions

3 Gy y-rays
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5. RADIOTHERAPY @
External Beam Radiation Therapy

3D Conformal Technique for Treating Prostate Cancer SR S



Radiotherapy

® Also called “Radiation Therapy”

® Part of multi-disciplinary approach to cancer care
® Useful for 50-60% of all cancer patients

® Can be given for cure or palliation

® Mainly used for loco-regional treatment

® Benefits and side-effects are usually limited to the
area(s) being treated
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Side-effects of Radiotherapy e

Acute (<1 month)

Depend on area(s) being treated
Often fatigue can occur
mucositis/esophagitis, nausea, diarrhea and redness of skin

Late (>1 month)
Pneumonitis/fibrosis of lungs
Hypothyroidism

Xerostomia

Enteritis
Infertility/menopause

Long-term (10-20 years)
Increased risk of secondary cancers
Increased heart disease if chest region treated
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X-ray dose decrease with depth A 1‘? "g?'.;-_'f-: /
We have to cross-fire on the tumor from many angl%d’l

Single field Dose per field Total dose

Gantry = -138 Gantry = -138 Gantry =-138

Excellent target conformity
Large normal tissue volume irradiated




The physical advantages of partlcle thqraw

Protons
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Pediatric tumors

Planning In treatment last day 6 m post- P
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Breast cancer

 1st cancer in women (1 5
in 8) Zﬁé’ 150+
« survival rate 80% .
* high risk of late cardiac
morbidity =
g . Inc(r)eagepergray, 7.4% (95% Cl, 2.9-14.5)
Mean Dose of Radiation to Heart (Gy)

14.3.2013

3reast cancer treatment: Proton left, IMRT right
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Particle therapy facilities in operation
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6. Space & therapy
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Courtesy of Prof. Matteo Cerri,
University of Bologna
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Hibernation and Radioprotection: Gene Expression in
the Liver and Testicle of Rats Irradiated under
Synthetic Torpor
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Hibernation in therapy?
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International Biophysics
Collaboration

12/10/2018 1st International Biophysics Collaboration Meeting (20-May 22, 2019)

7 GSI Home Europe/Berlin + M. Durante «

A M4 a iCal export

1st International Biophysics Collaboration Meeting

Future biomedical
research at FAIR and

Registration is now open

AR aex @5 other new accelerators

Scientific Programme

Timetable
Contribution List
Author List
Participant List
Registration

. Registration Form

al support

[ r.pleskac@gsi.de

Darmstadt, Germany

The Facility for Antiprotons and Ton Research (FAIR) is the new International accelerator facility
presently under construction at the site of the GSI Helmholtz Institute in Darmstadt, Germany. The new
facility, where various physics programs can be operated in parallel, will offer outstanding research
opportunities and discovery potential for about 3000 scientists from about 50 countries. International
Collaborations in hadronic physics, nuclear structure etc. are already actively working to prepare the
experiments for the opening of FAIR.

FAIR will also host an intense and innovative program in applied nuclear physics (APPA), and in
particular in biophysics. In fact, FAIR can offer unique opportunities for biomedical research. Tl -
X on of very high energy (10 GeV/n) heavy ions is very important for studies in space radiati ’

protection, both in biology and microelectronics. The high energy can also be used for particle
radiography and theranostics, whereas the high intensity of the FAIR beams gives opportunities for
using high-energy radioactive ion beams and ultra-high dose rates in particle therapy, and for the
production of new radioisotopes.

On May 20-22, 2019 we will host at GSI in Darmstadt the

1st Meeting of the International Biophysics Collaboration

Every scientists interested in biomedical applications at particle accelerator is invited to contribute with

your ideas and proposals. The participation is free, but registration on this webpage is mandatory. All

° °
information on the meeting will be posted on this website WWW 2 S l e 10 - c O
[ ]

The International Biophysics Collaborations goes beyond FAIR. In fact, there are many new accelerator
facilities under construction all over the world (e.g. NICA in Russia, RAON in Korea, FRIB in USA,
SPIRAL2 and SPES in Europe, etc.) where applied nuclear physics program are planned and biomedical
research will be possible. The International Collaboration that we want to create will serve all these
facilities, and will develop research programs and specific devices for use at various accelerators. The
meeting will create a community of applied nuclear physics at accelerators that will look for new exciting
research opportunities generated by the new facilities. To give a structure to the Collaboration, we will
elect a spokesperson and an executive committee that will establish working groups and task forces on
different topics.
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We look forward to seeing you in Darmstadt!
Prof. Dr. Marco Durante

Director, Biophysics Department
GSI Helmholtzzentrum fiir Schwerionenforschung

https://indico.gsi.de/event/7796/ 172 E 5 ][






Energy (MeV/n)

L. |
Biomedical applications at particle ' .

ZJ,%;L
accelerators Iy

s {11
-

10° s —
Space radiation protection |
10% - -
103_:__,__:___ ___v_: MBRT
, | ’
: | \ |
1 : | RIB
2 | |
10 3 _ | @
: : Protontherapy FLASH
| | |
10" - . | |
| | |
1- Radiation protection | :
|
] _ |
107" T R e e R oy

| T T rr T T T IR LR T T
10"  10® 10® 10* 10° 10® 10° 10® 10° 10" 10" 10" 10" 10 10"
Intensity (pps)




Thank you very much!
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