
A Few Ideas for a possible Biomedical Facility at CERN 

Main aims: 
 
- Radiobiology for HadronTherapy 
 
- Radiobiology for Radiation Protection  

R. Cherubini 
INFN-LNL 



Radiobiology for HadronTherapy: 
Requirements for RBE measurements towards the optimization of the 
treatments also on the basis of the specificity of the single ion-species 

Taking profit of the present LEIR features and its possible improvements: 
 

- Availability of a wide range of light- and medium-mass ion species:  
Including, of course, protons and C12, but also He4, Li7, B10, O16 and 
(possibly) Ne20 
- Availability of a wide range of ion energies: few tens MeV/n to some hundreds 
MeV/n (depending on the ion specie) 
- Possibility of mixed field irradiations by light ions, in particular for energy values 
up to few tens MeV/n (and stopping particles; specially intended for effects on 
healthy tissues) 
- Dose-rate: few Gy/min (depending on the ion type and energy) 

Specific infrastructures needed: 
 

- External beams’ Irradiation Facility for in-vitro (cell-cultures, 3D tissue) (and 
in-vivo?) experiments 
- Biology Laboratory fully equipped to support the (in-vitro) radiobiological 
investigations 
- Animals’ facility (?) 



Radiobiology for Radiation Protection 

- Wide range of ion species : from protons to iron ions 
- Wide energy range: tens MeV/n to GeV/n 
- Dose rate: less than few Gy/min 

… and on Earth (and medical facilities) 
 

… in Space 

- neutron beams 
- Wide energy range: few MeV to hundreds MeV 
- Dose rate: less than few Gy/min 

..Investigations on cancer but also on non-cancer effects… 



Ion fragmentation: a code developer 
perspective 

 A.Ferrari 
 CERN, Geneva 



 in water w/wo ripple filter (RiFi) for all the 255 energies 
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p	  @	  HIT	   12C	  +	  3mm	  RiFi	  @	  HIT	  

Depth-dose-distributions @ HIT: p and 12C 



in water wo/with RiFi for the 147 energies in the initial phase of the operation 

Depth-dose-distributions of p @ CNAO 

Med	  Phys	  Group	  CNAO	  



12C @ 400 MeV/n on water: Bragg peak 
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Exp. data courtesy of E.Haettner (Diploma thesis), D.Schardt, GSI, and 
S.Brons, K.Parodi, HIT. Simulations: A.Mairani PhD thesis 

Beam energy spread: 0.2 MeV/n FWHM 



HEAVY ION THERAPY VS (PROJECTILE) 
FRAGMENTATION 
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Ø  A significant fraction of the primary beam undergoes nuclear interactions 

Accurate knowledge of ion beam 
fragmentation is critical for therapy 

Ø  Importance of 
secondary 
fragments: RBE 
and tail after the 
peak (mostly p 
and α’s) 

Ø Such topics, 
particularly the 
tail, are key  
for therapy 

(Simulated) relative contribution of 
secondary fragments to the depth-
dose distribution at 400 MeV/n 
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Which data would be helpful: 

Ø Double differential data (energy/angle) on thin targets 
for different projectiles (p, …, 16O) at a few different 
energies are the best: 
ü  Emitted p, fragments, neutrons and photons 
ü  At energies close to the initial one for the fragmentation 

tail (mostly secondary p and fragments) 
ü  At a few tens of MeV/n for therapy monitoring (mostly 

photons) 
ü  Proton projectiles are important 

Ø Specific isotope production cross sections (eg β+ emitters 
for in-beam PET monitoring) 

Ø Data on “thick” target useful, even though less 
constraining on nuclear models 

Ø Precise data on proton and ion stopping power (yes!) 

Goal: provide challenging data (relevant for therapy) to 
crosscheck and improve nuclear models   
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What about Cosmic 
Rays 
& 

SEP’s? 
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 Galactic Cosmic Rays 
Composition: 
90% protons, 9% Helium,  
< 1% Ions (particles) 
64% protons, 25% Helium, 
11% Ions (nucleons) 
Spectrum: 
broad spectrum,  peaks 
around 1 GeV/n 
Intensity:   
(E > 10 MeV/n) ∼ 5 p/(cm2 s) 
@ Solar Min. 
Dose/Dose Equivalent: 
~ 0.4 mGy/d, 1 mSv/d (no 
geomagnetic cut off) 
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GCR: open space doses after 1 g/cm2 Al: 
 Red Bone Marrow (RBM) 

Organ Dose: 0.378±0.006 mGy/day 
(Uncollided contr.: 0.206±0.002 mGy/day) 

Organ Dose Equiv.: 1.26±0.03 mSv/day 
(Uncollided contr.: 0.72±0.02 mSv/day) 

The contributions of the various Z groups include the primary ion 
contributions and those of all products generated in their interactions 
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Solar Energetic Particle (SEP) events 

(from Mewaldt, 
ICRC2005) 

Ø Integrated fluence: up to 1011 

(nucleon/cm2), E > 1 MeV / n 
Ø Large variations in spectra 
Ø Variable composition: mostly 

protons (∼90%) and α’s (~9%), 
but ions up to Iron are not 
negligible 

Ø Variable duration, from hours to 
days 

Ø Rise time from minutes to hours 
Ø Dose equivalent up to ~Sv, highly 

dependent on organ, shielding, 
and SEP intensity/spectrum 

Ø Unpredictable 

Nightmare scenarios for (manned) 
missions beyond Earth low orbits 
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20-Sep-2005: open space doses after 1 g/cm2 Al, 
Skin 

Organ Dose: 1.363±0.004 Gy 
(Uncollided contr.: 1.250±0.004 Gy) 

Organ Dose Equivalent: 6.16±0.03 Sv 
(Uncollided contr.: 5.61±0.02 Sv) 

Whole body Dose Eq.: 1.83±0.05 Sv 

SEP 28-Oct-2003: 
Whole body Dose Eq.: 4.9±0.1 Sv !! 
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Reasonable for the proposed facility? 

Ø GCR’s: energy range too high for the proposed facility? 

Ø SEP’s: most of the spectrum would fall in the energy 

range accessible by LEIR 

Ø Which data would be useful?  
ü  Fragment production: energy and angle useful but not 

critical due to the initial isotropy and the high energy     (→ 
∼ same velocity of the projectile and small angles)  

ü  Elementary hadron production (p,n, π’s etc) at least 
differential in energy 
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Thanks for your 
attention 
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GCR/SEP doses in open space: setup 
Ø Capsule like enclosure with variable Al thickness 
Ø Impinging uniform and isotropic GCR’s and SEP 

“open space” spectra 
Ø Scoring (each organ): 

ü Organ Dose (GCR: mGy/day, SEP: Gy/event) 
ü Organ Dose Equivalent (GCR: mSv/day, SEP: 

Sv/event), using the ICRP60 Q(LET) 
relationship 

ü Effective Dose (whole body) using the newest 
ICRP recommendations (GCR: mSv/day, SEP: 
Sv/event) 
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SEP: the “hard” event of 20 Jan 2005 
o  Integrated flux: ∼7 109 (nucleon/cm2),           

E > 1 MeV / n 
o  The hardest spectrum after the 

“famous” February 1956 event 
o  Detectable increase in ground level 

muons above 5 GeV !!! 
o  Very fast rise time (∼ minutes) 

Optimal “benchmark” for a(n) (almost) 
worst case scenario 

(from Mewaldt, 
ICRC2005) 


