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Gerhard Kraft (1941-2023)

FAIR

The Biophysics Department at GSI was
founded and directed by Gerhard Kraft
until 2007

Under his lead, GSI could launch carbon
lon therapy in Europe for the first time
The pilot project (1997-2008) treated 440
patients in Cave M, mostly head-and-
neck radioresistant tumors, in
collaboration with the University Clinics
in Heidelberg

By the end of the pilot project, the
department stopped clinical treatments
and moved to pure and applied research
In heavy ion biophysics

Within FAIR, the department leads the
International Biophysics Collaboration




APPA Biophysics Department today FAIR

97 members
(incl. students)
/2 contracts
31 staff

4'7% women
37% foreign
citizens

16 nationalities

cC: C: C: C:

c:

¥

WWW.gsi.de/biophysik '

24.4.2025 3



APPA The Biophysics Department FAIR
DNA repair: Biophysical modelling: 72
WA Prof. Burkhard Jakob PD Thomas Friedrich
Organoids: I Particle therapy physics: gi
& Dr. Insa Schroder Prof. Uli Weber [
ﬂ Immunology:
Prof. Claudia Fournier

Clinical radiobiology:
Dr. Walter Tinganelli

Medical physics:
Prof. Christian Graeff

Space radiation physics:
Dr. Christoph Schuy

- Space radiation biology:
Dr. Charlot Vandevoorde

24.4.2025 4



Am Biophysics at GSIT science with existing facilities | FAIR

Space radiation protection Particle therapy

2 sy T R Y 6 AN 199 202

A ESA reference facility for ground-based A First F_%ropean center to treat pat@nts with high
space radiation protection studies energy 12C-ions (440 patients treated on site)

A ESA-FAIR Summer School in Darmstadt A Now extensive research program in particle

A Currently many ESA- and EU- supported therapy from nuclear physics to molecular biology
programs ongoing A Work supported by BMBF, EU, ERC and NIH

A Target station: Cave A (SIS18) A Target station: Cave M

24.4.2025 5
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APPA Added science with additional facilities - FAIR ~ F4|R

10° 5

10° =

Space rad|at|on protectlon

Energy (MeV/n)

10° =

1

o =51
[ Radiation protection

lele’radiography

Particle
therapy

hAinibexmnws 5

10t 102 10° 10*

Patera et al., Front. Phys. 2020
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FAIR
APPA cave




FAIR

Some examples of research activities



FAIR
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Ml Amsterdam UMC

DNA damage by X-rays

RNF168 93BP1
00:00 00:00




-10.0 sec

GSI

Jakob et al.,
Proc. Natl.
Acad. Sci.
USA 2009

Averbeck et
al. Cells 2022

Jakob et al.
Sci. Rep.
2020



Jakobet al.,Nucl Acid Res. 2011
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b
d

* Natale et al.,
Nat. Comm.
" ‘ 2017
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2. Radioimmunotherapy F_\IR e

Menee
- . ™
.

T

|

~ Breakthrough of the Year
Cancer  Nobel Prize in Ph
‘Immunotherapy o e
T cells on the attack

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 14



APPA Combination of C-ions with checkpoint inhibitors  F4|R

Topic:

Does Heavy Ion Therapy Work Through Mp=00096 I p=0.0741 1

Mp=0.0005 1 -
?
the Immune System? vy (‘."
Marco Durante, PhD,* David ). Brenner, PhD,’ 3 —1 |
. - =0.7686 0.0001
and Silvia C. Formenti, MD’ g0 & B
g 250 - P=0.0004 p<0.0001
0 —
CIRT+CPI E 200
2 150 o
=
w— 100
o
pagae g 50 ¢ = f
0 F | I I |
T PR A
IR S +‘2' 3
O\Q’ .\.Q'

NC = negative control
CPI = check point inhibitors only

i i CIRT =C-i ly, 10
Helm et al, Int. JRadiat Oncol. Biol. Phy=2021 XRT = ohotone. 10Gy
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RNA-LPX neoantigen vaccination synergizes with
Am radiotherapy to restrict tumor growth in mouse ®TRON F'\I R

Mechanism of mMRNA Vaccine

Identification of
neoantigens and

HLA screening
Antibody

translation

Administration  Immune
Vaccine development of vaccine monitoring

Human cell

*kk

l control or neoAg RNA-LPX

neoAg RNA-LPX |

‘| — control RNA-LPX
‘ — control RNA-LPX + XRT

XRT(12 Gy)/ CIRT(10 Gy)
l — control RNA-LPX + CIRT /[ff |;: X
— neoAg RNA-LPX + XRT |
— neoAg RNA-LPX + CIRT

d7 di13 di6 d21

N T N

MC38 blood

Tumor volume (mm3)

0 : I . ) = ) 1
0 10 20 30 40
Days after tumor inoculation

Salomon et al, Int. J. Radiat. Oncol. Biol. Phys. 2024
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3. Image-guided particle therapy F-\IR
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erc Research
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Am First proof-of-principle of RIB in therapy FAIR

Shielding SIRMIO PET
2D Range /. Collimator detector
Modulator

11C Beam = ,
EEEE \ '
Energy
Begm Degrader
Monitors
J
_'v'_
Range Shifter

Spread-Qut-
Bragg Peak
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Am Online PET imaging of a mouse irradiation with 1C F-\lR

Measurment time [s] = 20 Beamon|[s] =0 Dose [Gy] = 0.00
Mo

Mouse: BA127.

Currently under
revision in Nature
Physics

Lateral (mm)

-5 0 5
Beam direction (mm)

Beam direction (mm)

. @ @ @ .




APPA Mixed He C ion beams for range monitoring FAIR

European
Research
Council

Range uncertainty is a major challenge, especially for moving targets |
Mixed carbon and helium ions for concurrent therapy and monitoring:
~90% carbon for therapy, stops in patient

~10% helium for imaging, with 3x higher range, eg&s patient for online
range inference

Several theoretical papers published:
[Graeff et al 2018, Volz et al 2020, Hardt et al 2024]

Minimal additional dose
Helium should be detectable
Correlation of He and C range

This is the first experimental proof of
concurrent mixed ion beam production

21



APPA 4 FLASHRT

FLASH Radiotherapy, is a novel
approach of RT using ultra-high
dose rate

(>40 Gy/s overall dose rate,whereas
conventional radiotherapy is around
1 Gy/min)

aiming to get unchanged tumor
control protection (TCP) and
decreased normal tissue
complication probability (NTCP).

Vozenin, Bourhis &
Durante, Nat. Rev.
Clin. Oncol. 2022

1.00

0.75

Probability
o
(%)}
o

025

0.00

= FLASH

Conventional

100
Dose (Gy)

150

200



Am FLASH @ GSI: first evidence that FLASH effect is F-\lR
observed also with high-LET C-ions

Weber et al., Med. Phys. 2022 - > 5% 10%ions per spill (reliable) F '\I R

Tinganelli et al., Radiother. Oncol. 2022 E 18Gy |100Gyls >20x20m

Tinganelli et al. Int. J. Radiat. Oncol. Biol. Phys. 2025
24.4.2025 23



I Artemis 1

N Launch: 16.11.2022

Artemis 3: December 2027

Artemis 2: April 2026




APPA FAIR

Life 2014, 4. 491-510: doi:10.3390/1ife4030491

OPEN ACCESS

life

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

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

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

! 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.I.S.)

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 \\k
*  Department of Medicine, Baylor College of Medicine, 6500 Main Street, Suite 910, Houston, \ ]

TX 77030-1402, USA




India & space radiation effects FAIR

International Radiobiology Conference
on
Biological Effects of Space Radiation, Heavy
Tons & Human Space Missions- Mechanisms &
Biomedical Countermeasures

27" Feb- 1% Mar 2025
Venue: Manekshaw Centre
Khyber Lines, Delhi Cantt, Delhi-110010

Hosted by :

Institute of Nuclear Medicine & Allied Sciences (INMAS)
DRDO, Ministry of De

Brig. S.K. Mazumdar Marg, Timarpur, Delhi-110054, INDIA

Conference L= (=55

Biomarkers of

Exposure/ \
Susceptibility

/ Medical
Countermeasures

Cellular &
/ Molecular
Mechanisms

Chronic Effects/ \
Carcinogenesis \

S * BIOLOGICAL

Ciined Soenor U | EFFECTS OF | 4 Musces
Boﬁ:::;'::::nm:on) | S PAC E i Bonstoss

S8 5| RADIATION

Acute & Late/ Degenerative
Chronic Effects of \\ / Diseases/
Heavy lons Cognition

Heavy lons
/ Radiation
. Chemistry

Mathematical
Modeling and \
Simulation
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A|:PA MoU signature 14.2.2018 FAIR




AFPA Galactic cosmic radiation: a potential showstopper for F-\lR
m—

100 ' o
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Durante & Cucinotta, Rev. Mod. Phys. 2011
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APPA BPER i European Space radiobiology program  F4|R

- Around 800
h of
beamtime
delivered to
ESA since
2008

- Mostly Fe-
jons 1
GeV/n

- 63 different
experiments

29



APPA Examples of electronics testing at GSI FAIR

Irradiated
component




Am The NASA full GCR simulator

NSRL GCRsim beam parameters for a total dose of 500 mGy.

Energy LET Range Dose Tracks per 100 pm” ]
(MeV/n) keV/pm)  (cm) (mGy)  cell nucleus 10 Full GCRsim
H 20.0 26 0.4 30.4 7.3 ~
23.3 2.3 0.6 6.7 1.8 reference field
27.2 2.0 0.8 7.4 2.3
31.7 1.8 1.0 8.0 2.8
37.0 1.58 1.3 8.7 3.4 =
432 1.4 1.7 9.3 42 ;
50.3 1.2 2.3 10.0 5.1 L
58.7 1.1 3.0 10.6 6.0 -
68.5 1.0 3.9 11.1 7.1 "'E
79.9 0.9 5.2 11.2 8.1 53
100 0.7 7.8 27.2 23.4 =~
150 0.5 15.9 35.0 402 @
250 0.4 38.1 68.9 110.4 2
1000 0.2 326.6 123.6 340.6 =
“He 20,0 10.3 0.43 11.0 07 T
23.3 2.1 0.57 2.1 0.1 =
27.2 8.1 0.75 22 0.2 E;
31.7 7.1 0.99 2.3 0.2 !
37.0 6.3 1.31 2.5 0.2 =
43.2 5.6 1.73 2.6 0.3 E
50.3 49 2.28 27 0.3
58.7 4.4 3.01 2.7 0.4 X
68.5 3.9 3.97 2.7 0.4 -
79.9 3.4 5.23 2.7 0.5 =
100 2.9 7.81 6.1 13 ol
150 2.2 16.0 7.5 2.1
1.6 38.3 16.4 6.6
0.9 327.8 249 17.6
7.8 110.1 11.7 0.9
20.8 17.0 15.4 0.5 1 03
50.2 2.7 8.1 0.1 0
109.5 325 a5 0.03 10
175.1 13.1 41 0.01

BROOKHFAEN

NATIONAL LABORATORY

Historical experimental
setups at NSRL
(cells & animals)

33
beams

150
min/Gy

Simonsen
etal.,
PLoS Biol.
2020

10' 10°
LET (keV/um)
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APPA The ESA-GSI GCR simulator FAIR

Analytical
Two different kind of beam modulators Pre-Optimization

mainly Energy Loss

L RN
N
N
N\ <
. SR N
N\
N
N -

mainly Fragmentation

CAD Model

Production

at three different primary beam energies

Re-Optimization

superposition of radiation fields gives a
close approximation of the GCR

Radiation field

Characterization




Cave A1 General setup

monitoring

mﬁ?
-
~ 1 GeVin
Modulator

Irradiation Setups:

|
— 1 + B 700 MeV/n Fe
steel RiFi +

=
Modulator

+

Modulator Modulator

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

1350 MeV/n Fe

350 MeVin
Modulator

1 GeV/n Fe 700 MeV/n %6Fe 350 MeV/n 5¢Fe
+ + +

Al + PMMA slabs Al slab PMMA slab

Slide design courtesy of Luca Lunati



Cave A1 Biology F_\IR ___ e

CHO cells blood lymphocytes

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH



Am Prleiminary results

Kinetic Energy Spectrum
Deep Space (2010 Sol Min) behind 10 g/cm2Al

Counts/cmzlprimaries/(MeV/u)

107 E

~——GCR Simulator
— Target

10

10°
Kinetic Energy (MeV/u)

103

Counts/cmzls/(MeV/u)

Counts/cm2/primaries/(keV/um)

Deep Space (2010 Sol Min) behind 10 g/cm2 Al

LET Spectrum

FAIR

~—— GCR Simulator
——Target :

e

10°

10’
LET (keV/pm)

Counts/cmZ/s/(keV/;Lm)
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APPA GCR Simulator @FAIR

FAIR gain factors (rel. to GSI)
p TU p TU TT TT Tntensity
(uptop 1t A6)I1
Anti-protons beams

All-ions from H to U

Full GCR spectrum
can be simulated

[
H
Counts/cmzlsl(MeWu)
>

FAIR

GCR kinetic energy spectrum after 10 glcm2 Al at 1 AU (2010 Solar Min)
F T SIS, PR O PN 2 | T | KU NN R NE I T T T ELT T """‘:

1072

—_
S
]

107
SIS-18 SIS-100
10-3 ; I I I R i HEHI I I H HI I A i i HHH
10 107 10° 10* 10°

Kinetic Energy (MeV/u)
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FAIR
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Technical Design Report

BIOMAT in CBM 18/09/2024

[TDR 3 42]

(BIOMAT

Memorandum of Understanding
between the
BIOMAT Collaboration
and the
CBM Collaboration

First Author/Contact Person: Radek Pleskac

submitted by the BIO and MAT Collaborations, November 2023



www.gsi.de/bio-coll FAIR
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