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•  The	
  absorbed	
  dose	
  D	
  by	
  an	
  organism	
  is	
  defined	
  as	
  the	
  energy	
  
(Joules)	
  deposited	
  in	
  a	
  mass	
  unit	
  (Kg).	
  	
  
	
   	
   	
   	
   	
   	
  D	
  =	
  dE/dm	
  

	
  	
  	
  	
  In	
  the	
  interna+onal	
  system	
  unit,	
  the	
  dose	
  unit	
  is	
  the	
  Gray	
  (Gy):	
  
	
  	
  	
  	
   	
   	
   	
   	
   	
   	
  1	
  Gy	
  =	
  1	
  J/kg.	
  
•  The	
  Gray	
  is	
  a	
  unit	
  that	
  represents	
  only	
  the	
  pure	
  physical	
  aspect	
  

of	
  the	
  dose.	
  When	
  the	
  biological	
  effect	
  of	
  a	
  radia+on	
  has	
  to	
  be	
  
evaluated,	
  we	
  talk	
  about	
   the	
  efficient	
  dose	
  and	
   its	
  unit	
   is	
   the	
  
Sievert	
  (Sv).	
  	
  

Radioac+ve	
  
source	
  

(in	
  Bequerel	
  	
  
or	
  Curie)	
  

Absorbed	
  
dose	
  
(in	
  Gray	
  

or	
  Joule/kg)	
  

Equivalent	
  
dose	
  
H	
  	
  

(in	
  Sievert	
  	
  
or	
  rem)	
  

Efficient	
  	
  
dose	
  
E	
  

(in	
  Sievert	
  	
  
in	
  rem)	
  

Radia+ons	
  	
  
weigh+ng	
  	
  
factors	
  

wR	
  

Tissues	
  
Sensi+vity	
  
factors	
  

wt	
  

The Dose definition 
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Par+cle	
  range	
  (Distance	
  aZer	
  which	
  the	
  par+cle	
  is	
  stopped)	
  :	
  

Bethe-­‐Bloch	
  Formula:	
  	
  

Physics basis 
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•  Radiotherapy	
  technique	
  that	
  consists	
   in	
  using	
  heavy	
   ions	
  (protons,	
  carbon	
   ions)	
  beams	
  to	
  
kill	
  cancer	
  cells.	
  

•  Advantage	
  with	
  respect	
  to	
  classical	
  X-­‐rays	
  radiotherapy:	
  
1.  High	
  balis+c	
  precision:	
  hadrons	
  stop	
  at	
  the	
  level	
  of	
  the	
  tumor	
  produce	
  less	
  damage	
  to	
  

healthy	
  +ssues.	
  
2.  High	
   treatment	
   efficiency	
   for	
   some	
   tumors	
   (radio-­‐resis+ve	
   celles,	
   Radiobiological	
  

effect)	
  

Hadrontherapy 
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Le Pic de Bragg 
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Protons	
  beam	
  

2	
  detec+on	
  heads:	
  TEP	
  

e+ e- Two anti-parallel 511 
keV photons produced 

γ 

γ 

Pet	
  detector	
  I	
  

Pet	
  detector	
  II	
  

In situ dose control : inBeam PET 

InBeam	
  PET	
  problem:	
  
1.  Short	
  periods	
  11-­‐C	
  (20	
  min),	
  15-­‐O	
  (2min),	
  10-­‐C	
  (10s)	
  
2.  Low	
  ac+vi+es	
  (~10	
  kBq),	
  (Clinical	
  PET	
  ~250	
  MBq)	
  
3.  Sta+c	
  mode	
  acquisi+on	
  (3D	
  ?)	
  

Time	
  Of	
  Flight	
  technology	
  (TOF)	
  improves	
  the	
  signal	
  to	
  noise	
  ra8o	
  

beam	
  

target	
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Improving spatial resolution using the Time Of Flight  
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In situ dose control: gamma prompts detection 

Utilising gammas prompts produced by nuclear reactions 

SPECT	
  Technology	
  

Compton	
  Camera	
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•  Cassure	
  de	
  liaisons	
  
•  Créa+on	
  de	
  liaisons	
  covalentes	
  

Radiolyse	
  de	
  l’eau,	
  	
  
libéra+on	
  de	
  radicaux	
  libres:	
  
H2O	
  à	
  OH°	
  +	
  H°	
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Cell survival (dose, radiation type, tissues) 
The cell surviving fraction rate is expressed as : 

 S(D) = exp (-(αD + βD2)) 
α/β is high for radio-sensitive celles 
α/β is low for radio-resistive celles 
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