
•  Where	  in	  the	  Table	  of	  Nuclides	  do	  isotopes	  decay	  by	  positron	  emission	  (β+)?	  
•  PET	  imaging	  is	  said	  to	  use	  the	  “self-‐collimaAng”	  nature	  of	  positron	  decay.	  	  	  
•  Use	  ring	  of	  detectors	  triggering	  in	  coincidence	  to	  back-‐project	  to	  positron	  emiGer.	  	  
•  Why	  is	  18F	  a	  good	  choice?	  
•  Nuclear	  physics	  contribuAons:	  isotope	  producAon	  (e.g.,	  BNL),	  detector	  materials	  

(e.g.,	  new	  scinAllators),	  improved	  detecAon	  systems.	  	  	  
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Highlight:  
Diagnosing Cancer with Positron Emission Tomography

Atomic nuclei with fewer neutrons than stable isotopes decay predominantly by emitting 
a positively charged electron, a positron, which is annihilated with electrons, emitting gamma-
radiation. For more than 35 years positron emission tomography (PET) has been used as a 
research tool in neuroscience and in diagnosing cancer.1

PET imaging makes use of the self-collimating nature of positron decay (see Figure PET 1) as 
two nearly collinear photons are used to locate an annihilation event. PET cameras are typically 
made of a ring(s) of detectors that are in timed coincidence (resolving time of a few nanosec-
onds), allowing a line of response to define the chord along which the positron was annihilated 
(the location of the emission is not known because of the short distance the positron travels 
before annihilation, typically a few millimeters). By mathematically back-projecting the lines of 
response, a density map can be generated that reflects the distribution of the positron emitter.

Functional imaging using PET started as a research tool in neuroscience in the late 1970s 
and remains a major research tool for the neurosciences. However, its main impact recently 
has been in the diagnosis of cancer. Originally, simple tracer molecules such as water, carbon 
monoxide, and carbon dioxide were used. The first complex molecule to be used extensively 
was the glucose analog 18F-fluorodeoxyglucose (FDG), developed at BNL in collaboration 
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FIGURE PET 1 Illustration of positron decay. One of the protons (red) in the unstable nucleus is 
converted into a neutron (blue) with the emission of a positive electron (positron). The positron 
travels a short distance until it is annihilated with a neighboring atomic electron, resulting in 
two photons (Ð-rays), each with an energy of 511 keV. The photons will travel at nearly 180° 
from each other to conserve momentum. SOURCE: T. Ruth, 2011, The uses of radiotracers 
in the life sciences, Reports on Progress in Physics 72: 016701. Printed with permission from 
IOP Publishing Ltd. 
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which radionuclide is used, it will travel a few millimeters to centimeters before annihilating 
with an atomic electron. As such, the site of annihilation is not the site of emission, resulting 
in a limitation when defining the origin of the decay. Another limitation is the fact that the 
positron-electron pair is not at rest when the annihilation occurs; thus by virtue of the conserva-

tion of momentum, the two photons are not exactly collinear. Although the lack of collinearity 
becomes increasingly important with greater detector separation, this effect is ignored, for the 
most part, in existing tomographs because the detector ring diameter is less than a meter, at 
which distance the deviation from 180° is a fraction of a millimeter.

Because diagnostic imaging is driven by a digital approach (present/absent, yes/no), the 
desire to have uncluttered images resulting from PET is very important. Nevertheless, the true 
power of PET lies in its ability to track the distribution of a tracer over time and to extract de-
tailed kinetic data, as in a physical chemistry experiment where rate constants are determined. 
So, the conflict between using PET technology for clinical diagnosis and using it as an in vivo 
biochemistry tool will not be easily resolved, nor should it be.

1The information in this vignette is adapted from T.J. Ruth, 2009, The uses of radiotracers 
in the life sciences, Report on Progress in Physics 72: 016701. Permission granted by IOP 
Publishing, Ltd.

FIGURE PET 2 The three panels from left to right show a combined FDG PET/computed tomog-
raphy (CT) image in transaxial, saggital, and coronal views. The colored hot metal image is the 
PET image and the gray image is from the CT camera. The combined image enables physicians 
to determine the precise location of abnormal function (high uptake in the mass visible on 
the chest wall in the CT image in this case). In addition, a metastatic tumor is visible in the 
pelvic region. SOURCE: T. Ruth, 2011, The uses of radiotracers in the life sciences, Reports 
on Progress in Physics 72: 016701. Photo courtesy of British Columbia Cancer Agency and 
reprinted with permission from IOP Publishing Ltd. 
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activity with no long-term residual activity in the body. However, the short lifetime 
means that fluorine-18 and 18F-FDG have to be produced very near to where the 
procedures are to be performed. This often requires in situ small-scale particle 
accelerators, another capability developed by nuclear physicists, to produce the 
isotope. 

Radionuclides that emit gamma-rays have a long history as imaging tools in 
the diagnosis of cancer. SPECT has been built around the gamma-ray associated 
with the decay of molybdenum-99. Molybdenum-99 decays (t1/2 = 66 hours) into 
an isomer of technetium-99m (m indicating metastable), which in turn decays 
(t1/2 = 6 hours) by emitting a 140-keV gamma-ray. The cameras for this imaging 
technique are typically made with a cluster of photomultipliers coupled to a large 
NaI crystal. In recent years, the semiconductor material CdZnTe (CZT) has gained 
favor because of its higher energy resolution. Having this type of capability means 
that multiple tracers can be imaged simultaneously through the use of different 
energy windows. 

In North America, the main radioisotopes needed for imaging and treatment 
are produced by the Isotope Development & Production for Research and Appli-
cations (IDPRA) program, in the Nuclear Physics Program of the Department of 

FIGURE 3.1 PET is a powerful tool to probe the functions of the brain. In these images of the brain, 
the radionuclide is fluorine-18 while the molecules for each image obviously have different biodistribu-
tions. The left-hand figure shows fluorodopa (to probe dopamine integrity) while the right-hand figure 
shows fluorodeoxyglucose (to probe sugar metabolism). SOURCE: Courtesy of Don Wilson, British 
Columbia Cancer Agency.


