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Radioactive decay is expected to follow a 
mathematically precise exponential function
• From an educational 

website on
radioactivity: “No 
operation or 
process of any kind 
(i.e., chemical or 
physical) has everphysical) has ever 
been shown to 
change the rate at 
which a 
radionuclide 
decays.”



Generally true but well-known exceptions do 
exist

• Electron Capture (e.g. 7Be, 109In and 110Sn )

• Isomeric Transitions

– 99mTc was the first metastable isotope to 
demonstrate observable half-life changes due to demonstrate observable half life changes due to
chemical environment



Another possible exception?

• Recent studies of the measured decays of some 
radioisotopes have suggested anomalous variations 
in decay rate

• These observations raise the question of whether 
such variations could have clinical relevance:

( )– Temporary brachytherapy (both LDR and HDR)

– Teletherapy

– Gamma Knife radiosurgery treatments



• “While looking into the rate of radioactive decay of 
several isotopes as a possible source of random 
numbers……researchers pored through published data 
on specific isotopes and found disagreement in the 
measured decay rates – odd for supposedly physical 
constants…”

• “Checking collected data they came across something 
even more surprising: long term observation of theeven more surprising: long-term observation of the 
decay rate of Si-32, Cl-36 and Ra-226 seemed to show 
a small seasonal variation. The decay rate was ever so 
slightly faster in winter than in summer.”
– “Apparently radioactivity is stronger in winter than in 

summer.”



• “In February 2011 Earth witnessed a large coronal 
mass ejection... For most people this just meant a 
brighter Aurora Borealis.”

• “However, for radioactive elements across the planet 
the flare may have caused a decrease in radioactive 
decay…”



• “Purdue scientists noticed the decay rate of a 
medical isotope dropped during the solar flare, and 
what's more, the decline started before the flare 
did.”

• “…could be useful for protecting satellites and 
astronauts -- if there is a correlation between decay 
rates and solar activity, changed decay rates could y g y
provide early warning of an impending solar storm.”



• “…in classrooms around the world, students are 
taught that the rate of decay of a specific radioactive 
material is a constant. This concept is relied upon, for 
example, when anthropologists use carbon-14 to 
date ancient artifacts and when doctors determine 
the proper dose of radioactivity to treat a cancer 
patient…”



Upon more detailed reading

• While examining data (prospectively collected from 
2Dec 06 – 3Jan 07 at Purdue University; datasets 
acquired at Brookhaven National Laboratory, 
Physikalisch-Technische Bundesanstalt and Children’s 
Nutrition Research Center; and published data) 
researchers found disagreement in measured decayresearchers found disagreement in measured decay 
rates 



















• “…swings seemed to be in synch with the Earth’s 
elliptical orbit, with the decay rates oscillating as the 
Earth came closer to the sun and then moving 
away…”

• “…took another look at the decay data… found a 
recurring pattern of 33 days. It was a bit of a 
surprise, given that most solar observations show a 
pattern of about 28 days – the rotation rate of the 
surface of the sun…. But the core of the sun – where 
nuclear reactions produce neutrinos – apparently 
spins more slowly than the surface 



Neutrinos to blame?

• Radioactive decay itself produces neutrinos, so 
depending on the shape of the sample, the flux of 
neutrinos varies
– A sphere should have a greater internal flux of 

neutrinos than a thin foil sample, for example

• Could half life of a radionuclide depend on its• Could half-life of a radionuclide depend on its 
shape?







Neutrinos not to blame?
• Researchers from NIST and Purdue tested this decay 

anomaly by comparing  two shapes (spheres and thin 
foils) of Au-198 with identical  mass and activity

• The maximum neutrino flux produced by decay in 
the sphere was several times greater than the flux of 
solar neutrinos at the surface of the Earth
– So an effect should be observed if this was the mechanismSo an effect should be observed if this was the mechanism

• If neutrinos are truly affecting the decay rate, the 
atoms in the spheres should decay slower than in the 
foil 

• No significant difference in decay rate between the 
shapes was detected



Neutrinos not to blame?

• But is there a possible problem with this 
experiment?

• The neutrinos allegedly causing the observed 
changes are not those produced by the sample itself 
(electron antineutrinos in the case of Au-198)

• B t rather are s pposedl solar ne trinos ( hich d e• But rather are supposedly solar neutrinos (which due 
to neutrino oscillations might have a different effect)



An obvious challenge

• Were the observed variations in decay rate caused by 
changes in the responses of the experimental 
apparatus between summer and winter rather than 
the isotopes themselves?





Response
• “…we present a detailed analysis of the responses 

of the detectors actually used.…and show that 
sensitivities to seasonal variations in the respective 
detectors are likely too small to produce the 
observed fluctuations. 

• The observed variations in decay rates were highly 
unlikely to have come from temperature or 
humidity or some other environmental influence 
on the detection systems

• Also, there does not seem to be any environmental 
influence with a 33-day or a half-year period, 
further calling this possibility into question



Further criticism
• Ra-226 decays by alpha emission… but an annual 

variation in decay rate was observed
• So does this type of variability work for alpha as well as beta 

decay?

• But Cooper showed the RTG (radioisotope 
thermoelectric generator) power output of NASA’s 
Cassini satellite was uninfluenced by distance fromCassini satellite was uninfluenced by distance from 
the sun
– The RTG used Pu-238, an alpha emitter
– Cassini’s orbit went as close to the sun as Venus and 

as far as Saturn



A possible explanation?
• While both Pu-238 and Ra-226 are alpha emitters, 

the Ra-226 that showed variations was in equilibrium
– When secular equilibrium is reached (in about 200 

years), 42% of the photon emissions are due to beta-
decaying daughters of Ra-226

– An ionization chamber cannot discriminate whether 
the decay is from the daughters which decay via beta 
emission or the alpha-emitting parent



A possible explanation?

• In other words, while Ra-226 decays by alpha decay, 
the daughters (which contribute significantly to what 
is measured) undergo beta decay and these may 
exhibit an annual cycle

• In contrast, the Pu-238 in the RTG was not yet in 
secular equilibrium and therefore non-alpha emittingsecular equilibrium and therefore non-alpha emitting 
daughters were not able to contribute to a 
meaningful degree and variation was not observed



Another challenge
• Norman et al calculated ratios between rates of two 

kinds of decay, to cancel out any changes in the 
equipment between summer and winter

• Assumed that if there were an annual variation, it 
would affect different decay processes differently, so 
the ratios would change
– Looked at the ratios between Am-241/Sn-121m, Ba-

133/Ag-108m and Na-22/Ti-44

• Found that the ratios did not change much annually



Response
• Am-241 decays primarily by alpha decay, but it 

remains possible that its decay products decay by 
beta decay and are subject to an annual influence

• A more important point is that different 
radionuclides are inherently behave differently
– And even with beta decay, may not be influenced by y, y y

the sun as much as others.

– (Recall that not all electron capture decaying 
nuclides are equally susceptible to chemical effects 
e.g. K-40 < Be-7)



Summary
• Anomalous periodic variations have been 

characterized by both
– Oscillations with a strong annual periodicity and 
– Short-duration deviations from expected decay rates

• Short-duration deviations result in apparent decay 
rate changes persisting hours to days

• Annual periodicity has been observed in 14 separate 
nuclides (including 60Co, 90Sr/90Y, 137Cs and 226Ra) 

• Annual oscillation amplitude varies by nuclide and is 
typically less than 0.5%



Summary
• Short-duration deviations have only been observed in 

four nuclides thus far (54Mn, 60Co, 90Sr/90Y and 
226Ra)

• Preliminary analysis of the short-duration deviations 
suggest changes in the apparent half-life persisting for 
up to two days

k h h h d d• It remains unknown whether short-duration decay rate 
variations exist in other key medical isotopes 

• (e.g. 106Ru/106Rh, 103Pd, 125I, 131Cs, 192Ir)

• It also remains unknown whether short-duration 
variability, if it does exist in these isotopes, results in 
clinically relevant dosimetric changes



Summary
• Some of this raw data was acquired during calibration 

sequences, precision measurements or in establishing 
references 
– procedures familiar to medical physicists

• Additional investigations could include: 
– Analysis of archived data on these isotopes andAnalysis of archived data on these isotopes and 

– Careful examination of existing calibration data from 
active clinics that have been sampled at frequencies 
sufficient to detect these rate variations

















Purdue Experiments
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