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The focus should be to develop novel magnetic-field-compatible nuclear detectors
f PE d h b f f l PE /for PET imaging, aimed at maximizing the benefits of simultaneous PET/MRI
acquisition, which can also be used efficiently and implemented in stand alone PET
or SPECT applications. These detectors should operate in high magnetic fields, as

d i MRI ith t f d d ti d h hi h ti l d tiused in MRI, without performance degradation, and have high spatial and time
resolution. A dedicated integrated readout of high quality should also be developed.
The full detector should be compact so as to allow good integration with an MRI
system Globally it should allow fully exploiting the advantages of both PET and MRsystem. Globally, it should allow fully exploiting the advantages of both PET and MR
technologies in a simultaneous imaging modality and for implementation in both
preclinical and clinical/human PET stand-alone systems beyond the state-of-theart.
Active participation of industry especially SMEs could lead to an increate impactActive participation of industry, especially SMEs, could lead to an increate impact
of the research proposed, and this will be considered in the evaluation of the
proposal. Funding scheme: Collaborative Project (Large scale integrating project).



Participants in Large-scale integrating projects are required to conclude a
consortium agreement

Large-scale integrating projects: the requested EC contribution shall be over € 6 million and
not exceed € 12 million unless otherwise indicated in the topic description
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what we shoudl do to be successfull ?

l ki t li ti (“ dd d l ” b bi i th d liti )

- good (new???) detectors

- loking at applications (“added value” by combining the modalities)

- “perfect” integration in multimodality (hardware and software)

- PET/SPECT

high field and low field

- “smart layout (s)”

- TOF – PET scintillator, electronics, sensor

- What to propose ?

TOF PET scintillator, electronics, sensor

- Management and careful writing of the proposal (only 1/3  of the evaluation 
is  on “technical/scientific)!!



What we have to study 
design PET-SPECT MRI

Low field

High fieldg High field  

What we have to build

- a prototype of SPECT/PET – MRI (high field) for - brain
- heart

- a prototype of SPECT/PET – MRI (low field) for - breasta prototype of SPECT/PET MRI (low field) for          - small animal





Dual Modality: PET / 
SPECT

Dual Modality: PET / 
SPECTSPECT

(Use SPECT Camera for PET)
SPECT

(Use SPECT Camera for PET)
• SPECT cameras optimized to image 

140 keV (not 511 keV) photons.
• Detectors are “thin”Detectors are thin

(0.8 attenuation lengths) NaI:Tl. 
⇒ lower efficiency
⇒ higher scatter fraction

• Large gaps in angular coverage
⇒ rotate for complete sampling
⇒ lower solid angle coverage.

• Detector area
⇒ large dead time effects

Old slide from B. Moses

Less Expensive, But Not Optimized for PET



The Big Question:
PET / SPECT Performance is Inferior to PET, but

Dedicated PET PET / SPECT

*Data courtesy of Tom Lewellen, University of Washington

Is It Clinically Useful???



Time-of-Flight 
Tomograph

Time-of-Flight 
TomographTomographTomograph

1 f /
• Can localize source along line of 

flight.

c = 1 foot/ns
500 ps timing resolution
⇒ 8 cm localization

• Time of flight information reduces 
noise in images.

• Time of flight tomographs have beenTime of flight tomographs have been 
built with BaF2 and CsF.

• Difficult to keep all detectors in 
accurate time coincidence.D accurate time coincidence.D

• These scintillators force other tradeoffs 
that reduce performance.

• Variance Reduction Given by 2D/cΔt

Not Compelling with Present Technology...
Old slide from B. Moses

• Variance Reduction Given by 2D/cΔt
• 500 ps Timing Resolution ⇒ 5x Reduction in Variance!



Benefit of Time-of-Flight in PET: Experimental and Clinical Results Joel S. Karp, 
l i M E D b Wi h d G d M hll h DSuleman Surti, Margaret E. Daube-Witherspoon, and Gerd Muehllehner Department 

of Radiology, School of Medicine, University of Pennsylvania, Philadelphia, 
Pennsylvania 
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0.3 4.5 2.1 3.0
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1.2 18.0 1.1 1.5



Detector 
Requirements

Detector 
Requirements

• Patient port ~60 cm diameter
24 to 48 layers, covering 15
cm axially.

• 4–5 mm fwhm spatial RequirementsRequirements
Detect 511 keV Photons

4 5 mm fwhm spat al
resolution.

• ~2% solid angle coverage

• $1 – $2 million dollars Detect 511 keV Photons 
With
(in order of importance):

• $1 – $2 million dollars.

(in order of importance):
• >85% efficiency

5 ti l l ti• <5 mm spatial resolution

• “low” cost (<$100 / cm2)

• “low” dead time (<1 µs cm2)

• <5 ns fwhm timing g
resolution

• <100 keV energy resolutiongy

Based on Current PET Detector Modules







Llossa et al (DelLlossa et al.. (Del 
Guerra)





DOI mandatory



SPECT/PET 

- mixed ring, “trivial”

Scintillator LaBr3

- fastg
- full ring

- at the same time?  reducing too much the sensitivity
consecutively? How to build this?

- light yield
but

- hygroscopic
- consecutively? How to build this? - density

SPECT

5 mm 15-25  mm

SPECT

PET

A B

Different layout possible for A and B
- continuous single slice (for Pet) or several slices (with equal or increasing thickness)
- pixellated 

- modules of 50 x 50 x 20 (30) mm3 with pixels 2 x2 or 3 x3 or 4 x 4 mm2 (problems with DOI)

PET

modules of 50 x 50 x 20 (30) mm3 with pixels 2 x2 or 3 x3 or 4 x 4 mm2 (problems with DOI)
- same scheme
- modules of 50 x 50 mm2 with pixel “cubes” of 2 x2 x2 mm3 (or 3 x 3 x 3 mm3) (brute force) (diverging number

of channels?)





brain
- 6 sides (at least) to be “small” and compatible with the SPECT layout (FOV > 20 x 20 cm26 sides (at least) to be small  and compatible with the SPECT layout (FOV > 20 x 20 cm2

Small animal (and breast)

5 cm

25 -30 cm

5 cm  

spect

pet

5 30 cm


