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Rationale 
-Spin-offs from the big physics  projects are popular and 
expected by all the stakeholders , even if not part of the 
main mission  
-Scientists involved are to a large extent normal  people 
sharing the concerns of the society  
-Medical imaging was and is a natural spin -off from the 
particle physics community via:  

-Relevant technical expertise  
-Radiation detection instrumentation  

-Fast readout electronics and data acquisition systems  
-Fast computers  

-Computing algorithms, including simulations ( ñMonte Carloò) 

-Special opening is in the  dedicated  organ specific  imagers, 
where the  technology  advancements (compact,  mobile, offer  
new opportunities  to  implement  what  particle  physics is 
using or  developed initially  for  the  main mission.  
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What Modality ?  



Content of the Talk  
(and disclaimers)  

-First impulse is to talk only about Nuclear Medicine ð an obvious 
spin off from experimental nuclear physics/high energy physics: 

-Physics concept of PET and SPECT 
-New scintillators  
-New photodetectors  (new PMTs, Silicon PMTs)  
-New concepts on improving PET: TOF PET, magnification  
-Organ specific PET imagers: breast, prostate, brain, heart, etc  

- Gas detectors  
- Solid state detectors (Silicon)  
- Multi -modality imagers  
- Not discussed: electronics  
- Not discussing small animal imagers, only human imagers J  
- Only brief mention of MRI  

 



2-D / 3-D MRI 



MRA 





Of Mice and Men é and Broken Hearts (MRI at UVA) 
Structural medical images at its best ð reference point  

73-year-old man 7 years after an 
anterior MI.  

14-week old C57BL/6N 
mouse 4 weeks after a 
reperfused, 2 -hour 
occlusion of the major 
LAD. 

(Courtesy of Dr. Stuart Berr, UVA) 



microPET II Imaging in Mice  

 

No gating End-systole  

microPET II  
 Yang et al, PMB 2004  

& IEEE NSS/MIC 2004 

No gating 

32 g mouse 

580 µCi, 60 min  

31 g mouse  

1 mCi 18F- 

0.975 mm LSO 

64-ch PMT + F.O. 

X-Y Analog decoding  

Resolution: 1.2 mm/2.3 µl 

Efficiency: 2.26%  

Peak NEC: 235 kcps 
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Tracers 

ÅA radioactive biologically active substance is chosen in such a 
way that its spatial and temporal distribution in the body 
reflects a particular body function or metabolism. 

Å In order to study the distribution without disturbing the body 
function, only traces of the substance are administered to the 
patient. 

ÅThe radiotracer decays by emitting gamma rays or positrons 
(followed by annihilation gamma rays). 

ÅThe distribution of the radioactive tracer is inferred from the 
detected gamma rays and mapped as a function of time 
and/or space. 



Spin-offs from particle physics  

Å new dense and fast scintillating crystals or direct conversion 
materials  

Å finely segmented and compact photodetectors  

Å low noise and highly integrated electronics  

Å data acquisition systems based on highly parallelized 
architecture with efficient data recording and storage  

Å filtering algorithms  

Å modern and modular simulation software based on universally 
recognized standards  

Å high performance image reconstruction and analysis algorithms  

 

(Paul Lecoq, CERN) 





Detector technologies used in medical imaging: 
 
- Silicon, Selenium - (X-ray) 
- CdTe, CdZnTe ς (X-ray, gamma, PET) 
- Crystal scintillators (gamma, PET) 
- Cherenkov ς (TOFPET) 
- Vacuum Photomultipliers (including MCP based, 

position sensitive, etc) 
- PIN diodes 
- Avalanche photodiodes (APD) 
- ά{ƛƭƛŎƻƴ ǇƘƻǘƻƳǳƭǘƛǇƭƛŜǊǎέ ς SiPMs, Geiger avalanche 

diodes  
- Time of Flight PET 
- Compton gamma imaging 

 
 



Areas of involvement  
-The most obvious field: nuclear medicine: SPECT and PET  

-Diagnostic tools (early detection of abnormalities, such as 
cancer)  

-Beam radiation therapy (proton and ion beams, and the 
latest promise of antiprotons !)  

-Monitoring chemo - and radio -therapy  

-Organ specific imagers:  
-Breast  

-Prostate  

-Brain 

-Small animal SPECT and PET imagers 

Special features : MRI  compatibility,  Time of  Flight  (TOF)  
PET 

 
 

 

 

 
 



Selected detector technologies used in medical imaging as 
the best particle physics spin-off : 

 
- APDs and SiPMs 
- Crystal scintillators 
- Fast electronics, ASICS 
- Fast simulation and reconstruction software 
- TOF  
 
ά!ƳƻƴƎ the many applications of nuclear energy and ionising radiation, medical 
imaging certainly is least subject to negative perception or outright opposition from 
the general public. Proponents of nuclear power correctly refer to it as an example 
of a very positive use of nuclear technologyΦέ - By Frank Deconinck, 2006. 
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Photon detection 

The detection of the photons is based on the 
transfer of their energy to the detector through 
the photo-electric and the Compton effect. 

Examples are 
ïScintillators, e.g. NaI, BGO and LSO (cfr. talk by C. van Eijk) 

ïSemiconductor detectors, e.g. Si, Ge 

ïGas detectors, e.g. with a wire chamber read-out 
όa²t/Σ IL5!/Σ Χύ 



Multi Wire Proportional Chamber  

Important role played by Fabio Sauli 















LEAD + GAS VOLUME  



The HIDAC Camera Project,  1977-1982 

1982 

1978 



The HIDAC Camera Project,  1983-1988 

Tribune de Genève, January 1988 

Scientists Press Plans for New Brain and  
Heart Research       UNI  News  1988 

Le Courrier, January 1988 

Financially supported by the Fonds National Suisse 

Thyroid imaging 
with 124I 



HIDAC Camera,  1978 

1978 2003 

¢ƘŜ IL5!/ /ŀƳŜǊŀΥ  нр ȅŜŀǊǎ ƭŀǘŜǊΧΦΦ 











Proton Radiography  



Gaseous Detectors 

Advantages of gas detectors: 
ω low radiation length 
ω large areas at low price 
ω flexible geometry 
ω ǎǇŀǘƛŀƭΣ ŜƴŜǊƎȅ ǊŜǎƻƭǳǘƛƻƴ Χ 
 

Limitation: 
ω rate capability limited by space charge defined by 
   the time of evacuation of positive ions 
 
Solution: 
ω reduction of the size of the detecting cell (limitation 
  of the length of the ion path) using chemical  
  etching techniques developed for microelectronics 
  and keeping at the same time similar field shape. 

MWPC 

MSGC 

MGC 

scale factor 

1 

5 

10 

R. Bellazzini et al. 
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Field Configurations 

Electrons liberated by ionization drift towards 
the anode wire.  
 
Electrical field close to the wire (typical wire Ø 
~few tens of mm) is sufficiently high for electrons 
(above 10 kV/cm) to gain enough energy to ionize 
further  Ҧ avalanche ς exponential increase of 
number of electron ion pairs. 

Cylindrical geometry is not the only one able to generate strong electric field: 

parallel plate strip hole groove/well 
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Semiconductor Industry technology: 
Å Photolithography 
Å Etching 
Å Coating 
Å Doping 
Å Wafer postprocessing   

Current Trends in Micro-Pattern Gas Detectors (Technologies)  

Operational instabilities: 
 
Substrate charging-up 
Discharges 
Polymer deposition (ageing) 

Rate Capability>106/mm2 

Position Resolution ~40mm 
2-track Resolution ~400mm 

MWPC MSGC 

Amplifying cell 

size reduction by 

factor of 10 
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Current Trends in Micro-Pattern Gas Detectors (Technologies) 

ω MSGC 
ω Micromegas 
ω GEM 
ω Thick-GEM, Hole-Type Detectors and RETGEM 
ω MPDG with CMOS pixel ASICs 
ω Ingrid Technology 

Electrons 

Ions 

60 % 

40 % 

Micromegas GEM THGEM MHSP Ingrid 

0.18 mm CMOS VLSI 

CMOS high density 
readout electronics 

37 
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GEM ς Gas Electron Multiplier 

Induction gap 

 e- 

 e- 

I+ 

70 µm 
55 µm 

5 µm 

50 µm 

Thin, metal coated polyimide foil perforated  
with high density holes. 

Electrons are collected on patterned readout board.  
A fast signal can be detected on the lower GEM electrode  
for triggering or energy discrimination.  
All readout electrodes are at ground potential. 
Positive ions partially collected on the GEM electrodes. 

Electrons 

Ions 

60 % 

40 % 

 Fabio Sauli 
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ω PCB tech - etching + drilling  
ω  Simple and robust 
ω  VTGEM~2KV (at atmospheric pressure) 
ω 105 gain in single- & 107 double-

TGEM 
ω Sub-mm to mm special resolution 
ω Fast (ns) 
ω Low pressure (<1Torr) gain 104 
 

 

ω Microlithography + etching 
ω High Spatial resolution (tens of 

microns); VGEM~400V 
ω >103 gain in single GEM 
ω 106 gain in cascaded GEMs 
ω Fast (ns) 
ω Low pressure ς gain~30 
 
 

 

 

1mm 

THGEM 

1mm 

Standard GEM 

V. Peskov, A. Breskin é 

THGEM ς Thick GEM 
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Thick GEM 
A. Breskin 



I. Giomataris 
I. Giomataris 

Anode strips 
Or any other readout structure 

Pillar  

micromesh 

Drift plane 

In 1st Micromegas 

Fishing line spacers have been used 

MICROMEGAS  
Y. Giomataris, Ph. Rebourgeard, J.P. Robert, Charpak, NIMA376(1996)29 

Gap = 50-100 mm 
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High radiation resistance : > 30 mC/mm2 > 25 LHC years 
G. Puill, et al., IEEE Trans. Nucl. Sci. NS-46 (6) (1999)1894. 

A. Delbart, Nucl.Instrum.Meth.A461:84-87,2001 

Sub-nanosecond time resolution 

Time of flight, fast TPC 

NA48-KABES 

600 ps 

Excellent single electron resolution 

UV photodetector 

Good energy 

resolution 

Signal discrimination 

Micromegas performance 

Spatial resolution <12 ɛm 

Time resolution <0.2ns 

Energy resolution (FWHM) 11% (ůŰŬ 5.9 keV) 

Rate capability > 106/mm2/s 



I. Giomataris 42 

Large Atlas muon detector  

Half -size Chamber 

Large chambers 2x1 m2 

ÅCERN new infrastructure 

ÅTransfer to industry under way 





Georgesõ Company - Low Dose X-ray  

Gas 
Chambers 

Biospace 
Radiologie 



10 X Lower Dose 
X-ray  

Special Focus: 
Pediatric   

Biospace 
Radiologie 




