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 ROLIS descent image and – 

    - Welcome to a comet 
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C67/P Churyumov - Gerasimenko 



 Philae landing module 
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 low temperature 

 almost vacuum 

 radiation environment 



Space Research at GSI 
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 Radiobiological effects on human beings (risk assessment 

for manned space missions) 

 

 Electrronic components (radiation hardness tests) 

 

 Shielding materials 

 

 Test and calibration of space flight instruments 

Simulation of cosmic particle radiation using high-energy accelerators 

 Radiation environment in space has severely adverse 

aspects on human, electronics and materials 

 

 Effects of highly charged highly energetic (HZE) heavy ions 

in the space are the most challenging 
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Radiation Dose in Different Missions 
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 STS and ISS programs will be dropped in favour of Mars manned exploration 

 

 Radiation risk is a big problem for human planet exploration 

 

20/11/14    3rd ADAMAS (Trento) 



May, 30, 2013 

Dose=1.8 mSv/dayx501x2=1.8 Sv 

April, 3, 2013 
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Galactic Cosmic Radiation (GCR) 
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• 2% electrons / positrons 

• 98% particles 

• 87% protons 

• 12% helium 

• 1% heavier particles 
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Irradiation Facilities at GSI 
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Medical cave 

Cave A 

Fragmentation Experiments 

Space research 

Cave C 

FIRST experiment 

E = 0.1 – 2 GeV/u 

E < 15 MeV/u 

X0 cave Microbeam 



High-Energy Irradiation Facility Cave A 
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Space Flights Instrument at GSI 
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Example 1 (SOHO/ERNE) 
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Example 2 (ACE) 
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Example 3 (AMS) 
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Example 3 (AMS) 
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Example 4 (ALTEA) 
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Example 5 – 

- Phoshenes in Radiation Therapy with C-Ions 
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39 patient studied at GSI (O. Kavatsyuk, D. Schardt, M. Krämer) 
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Radiation Damage in Electronic Components 
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Heart Arrhythmia Project 

Description 

 First worldwide experiment in July 

2013 in swines for the treatment of 

heart arrhythmia with heavy ions 

 collaboration with Mayo Clinics, USA, 

and Heidelberg University Clinics 

 First experiment at GSI (cave M) from 

July 17 -23, 2014  

 

Specification 

- Update of the electronics for the 

beam scanner currently in Cave M 

- Authorization by Hessian authorities 

for animal experiments at GSI/FAIR, 

including swines 
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Breast cancer 

• 1st cancer in women (1 in 8) 

• survival rate 80% 

• high risk of late cardiac mortality 

14.3.2013 
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Particle Therapy 
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Significance of nuclear fragmentation in RT 
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I. Pshenichnov 

High-energy carbon beam stopping in water 

Carbon ion therapy 

100-400 MeV/u 

Nuclear fragmentation 

 

Loss of primary ions   depth-dose, RBE 

 

Buildup of secondary fragments  dose-tail, lateral dose 



Detector setup fro nuclear fragmentation 
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The ΔE–E telescope detector 

Angular distribution setup  

→ Beam energy of 120 MeV/u 

→ Cylindrical water target (diameter of 150 mm) 

→ Telescope positionned at 0°, 20°, 30°, 60°, 90° 

     and 120° 

 

 

ΔE (plastic) 

E
 (

B
a
F

2
) 



Mosaic (diamond) detector 
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Purpose 

 Beam monitor (counter) + START/STOP for ToF + 

Energy loss 

 Particles: protons – carbon – iron - HI 

 Intensities: 1e0 – 1e8/sec 

(replacing existing START plastic scintillator) 

 

scCVD 

 4,5 x 4,5 mm2 x 300 μm 

 active area 4,0 x 4,0 mm2 (~ 80 % of total area) 

 

Mosaic detector 

 3 x 3 scCVD 

 total area 13,5 x 13,5 mm2 (beam spot 5 – 10 mm 

FWHM) 

 9 x C2 or 9 x C6 preamplifiers 

 



Test beam at GSI (Detectors) 
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Optical grade diamond 

Optical grade diamond 



Test beam at GSI (Experimental setup) 
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ROHDE&SCHWARZ RTO 1044 

oscilloscope 

Detectors 

on PCBs 
Amplifiers 



Results – voltage scan (1) 

26 20/11/14    3rd ADAMAS (Trento) 

+50 V 
+500 V +200 V 

C6 fast charge Amplifier 

C2 broadband Amplifier, 3 GHz, 40 dB 



Results - voltage scan (2) 
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C6 fast charge amplifier 

C2 broadband amplifier, 2 GHz, 40 dB 



BIOMAT - User Facility and Collaborations 

 

Main physics goal: to construct a world-leading, unique facility for 

experiments in applied sciences (biology, medicine, material science) 

 

 

Materials research 
 

Spokesperson: 

Christina Trautmann 

 

Topics 

• radiation hardness 

• extreme conditions (p, T, 

irradiation) 

• geophysics 

• nanoscience 

BIOMAT 

facility 

 

Biophysics 
 

Spokesperson: 

Marco Durante 

 

Topics 

• space radiation protection 

• theranostics 

• particle therapy 

Collaboration/users 

• 20 Countries 

• 70 Institutes 
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BIOMAT Irradiation Facility in APPA Cave 

HEDgeHOB/WDM 

beamline 

SPARC/BioMat 

beamline 

BIOMAT 

facility 
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Projectile   E [GeV/u] 
 

protons       29 

light ions       14 

(4He, 12C, 20Ne, 40Ar) 

medium mass ions     11 

(56Fe, 84Kr, 132Xe) 

heavy ions       11 

(179Au, 238U) 

 

SIS18 or SIS18+SIS100 option 

 

All intensities offered by the 

machine 



BIOMAT Beamline 
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 Beamline 

(ion optics, vacuum, beam diagnostics) 

 Control room 

 Beam scanning system 

 Target station 

(target handling, multi-purpose UHV 

chamber, high-pressure equipment, X-

ray machine) 

Intensity-controlled raster scan technique 

allows high-quality irradiations of larger 

sample areas (max. irradiated area of 10 x 

10 cm2) 

UHV target chamber for sample 

irradiation and in-situ analysis 
High-pressure cells (PE type) and laser heating system  
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Description 

Preparations of biological 

samples before irradiation 

and analysis of the samples 

after irradiation  

 

Specifications 

Very close to the irradiation 

facility, equipped with 

incubators, laminar flow 

boxes, Coulter counters, 

microscopes, etc. 

 

BioLab Equipment 

29.2.2012 
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T- Reiter (ESA) visiting GSI in 2013  
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Timeline for BIOMAT 

2013 2014 2015 2016 2017 2018 2019 
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APPA Cave Ready 

First Beam 

Full Beam 

Purchase Beamline Parts 

Setup beamline 

Commissioning with 

beam 

User operation 

TDRs Instrumentation via Verbundforschung 

32 20/11/14    3rd ADAMAS (Trento) 



Summary / Outlook 
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Thank you! 

 Broad scientific program 

 

 Nuclear fragmentation important in space research and radiotherapy 

 

 Advanced detector setup with the mosaic (diamond) detector for near- 

and long-term future experiments 

 

 Cooperation with European Space Agency 

 



Microbeam and Radioboilogy at GSI 
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Nucleus of a human 

fibroblast cell (UNILAC) 

B. Jakob et al., Rad. Res. 163, 681 (2005) 

Biological response visualized by immuno-staining; 

Barberet et al., Rad. Res 166, 682 (2006) 
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Online microscopy 

(SIS18) 



1st ADAMAS Workshop, GSI, 2012 

 

R.Pleskac 18/12/2012 

FIRST – experimental setup in cave C 

IR – START scintillator 

IR – Beam Monitor 

IR – Target 

IR – Si Pixel Vertex Detector 

IR-  KENTROS 

ALADIN Magnet 

TP-MUSIC IV 

TOF wall 

LAND 

→ Beam diagnostics 

→ New detectors in interaction region (IR)  

→ ALADIN dipole 

→ MUSIC + ToF Wall 

→ LAND 

Measurable 

→ Double-differential cross-section for Z particles 

Experiment in August 2011 

(carbon beam fragmented on thick targets) 

 

→ C + C (5 mm) at 400 MeV/u 

→ C + Au (0.5 mm) at 400 MeV/u 

 

→ coincidence measurement 

→ on event-by-event basis 



Some characteristics 
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Signals 

protons - oxygen at 500 MeV → 3.2 – 350 fC 

3.2 fC / 4 ns = 0.8 μA → 0.8 μA * 50 Ω = 40 μV 

40 dB current amplifier (f = 100) → 40 μV * 100 = 4 mV 

protons: S/B = 4 mV / 2.5 mV = 1.6 

oxygen: S/B = 200 mV / 3.2 mV = 62.5 

 

protons: using quick charge amplifier (4 mV/fC) → 3.2 fC * 4 mV/fC 

= 12.8 mV → S/B = 12.8 mV / 0.6 mV (noice) = 21.3 

 

Time Resolution 

case of 16O: 1 ns / 100 ps = 10 ps 

case of protons: 3.5 ns / 21.3 ns = 150 ps 

 



Matter under extreme conditions 

 Simulating geological 

processes in the inner Earth 

 

 Ion-beam stabilized high 

pressure phases  

 
 

temperature 

pressure irradiation 

During irradiation T and p like in the 

inner earth is applied to minerals. So, 

tracks induced by natural fission 

fragments in the minerals of the inner 

earth can be simulated.  
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