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Overview of Forensics 
 
Age dating for U and Pu 
 
What we can learn from isotopic content of U and Pu samples 
 
Introduction to the role of gamma spectroscopy in nuclear forensics 



3 

So…what is this nuclear forensics stuff?… 

Forensics 
 
from the Latin term forēnsis, meaning "of or 
before the forum.“ 
 
A purely legal term 
 
“the art and science of legal evidence and argument” (American 
Forensic Association) 
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From the IAEA… 

Nuclear forensics is  
1) the analysis of intercepted illicit nuclear or  
2) radioactive material and any associated 

material to provide evidence for nuclear 
attribution. 
 
 
 

 
International Atomic Energy Agency, Nuclear Forensics Support, 
Reference Manual. IAEA Nuclear Security Feries # 2, Technical 
Guidance, Vienne,2006. (http://www-
pub.iaea.org/MTCD/publications/PDF/Pub1241_web.pdf ) 
 

http://www-pub.iaea.org/MTCD/publications/PDF/Pub1241_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1241_web.pdf
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Also included in nuclear forensics is the use of 
the knowledge of nuclear processes to evaluate 
an activity 
 

From the IAEA… 
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Given the broad definition of forensics, this 
topic includes both simple and challenging 
identification processes.   
 
Gamma spectroscopy plays a role in both 

Other definitions/descriptions… 
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So…how complicated is this?… 

It depends on the circumstances 
 
It can be as simple as a routine 
interdiction/inspection measurement 
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What is this? 
 

A low resolution natural background spectrum 
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How about this? 
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How about this? 
 

A low resolution natural background spectrum 
with ? 
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How about this? 
 

A low resolution natural background spectrum 
with a second spectrum overlap. 
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How about this? 
 

A different view – linear vertical scale of a low resolution 
natural background spectrum; 
with the addition of 137Cs. 
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How about this? 
 

A low resolution natural background spectrum 
with 137Cs and ? 
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How about this? 
 

A low resolution natural background spectrum with 137Cs 
and ?  
133Ba 
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That is why…. 
 

Sometimes we just need better resolution 
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What have we just done? 
 
A simple nuclear forensics exercise 
 
But they are not all so simple 
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So…how complicated is this?… 
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So…how complicated is this?… 



Overview of Nuclear Forensics Topics 

• Age Dating 
• U and Pu isotopics 
• Trace elements 
• Stable isotopes 
• Grain Size and Shape 
• Electron microscopy 
• X-ray diffraction 
• Mass spectrometry 
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Age Dating 

Age dating and decay products can tell us a lot 
about: 
 
1) The origin of the material 
2) The age of the material 
3) Processes the material may have been 

subjected to 
4) The prior presence of something else! 
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A simple age-dating case study 

Just to get you warmed up   
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Yassar Arafat died November 2004, cause of death stated 
as "an unusual blood disease and a liver problem“ 
 
In 2009, Bassam Abu Sharif, Arafat's former advisor, 
alleged that Mossad, the national intelligence agency of 
Israel, had poisoned Arafat by a lethal dose of thallium 
 
Many other causes of death were postulated 
 
On a seemingly unrelated note, Alexander Litvenenko died 
in November 2006 
 

Simple case study - Arafat 
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On 4 July 2012, Al Jazeera said Arafat was in good health 
until he suddenly fell ill on 12 October 2004 and that tests 
suggested that there was a high level of polonium inside 
his body when he died. This was based on a 2010 report: 
 
According to an October 2010 official press release, the 
Institut de Radiophysique, University of Lausanne, 
Switzerland, analyzed some clothing and stated: "an 
unexplained quantity of Polonium-210 has been detected 
on the personal effects of Mr. Arafat. However, this is not 
sufficient to determine the causes of death. In particular, it 
will be recalled that, contrary to what happened in the 
case of the former Russian spy Alexander Litvinenko, Mr. 
Arafat did not lose his hair, and some of the findings in the 
forensic report are inconsistent with an acute radiation 
syndrome." 

Simple case study - Arafat 
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Following the Al Jazeera claim, also in July 2102, a 
spokesman for the Institut de Radiophysique stressed that 
the "clinical symptoms described in Arafat's medical 
reports were not consistent with polonium-210 and that 
conclusions could not be drawn as to whether the 
Palestinian leader was poisoned or not", and that "the only 
way to confirm the findings would be to exhume Arafat's 
body to test it for polonium-210”. 

Simple case study - Arafat 
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November 2012 – Arafat’s body exhumed for Po analysis 
8 years after his death 
“Normal” 210Po about 18.4Bq in a 70kg man (HPS public 
information page) 
210Po has a 138 day radiological half-life 
± 50 day biological half-life 
Using the radiological half-life, in November 2012 the 210Po 
should be…. 
7.88e-6 Bq (whole body) 
 

Simple case study - Arafat 
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7.88e-6 Bq (whole body) 
Bone is roughly 15% or about 10.5kg for a 70kg man 
That makes about 7.5e-10 Bq/g 210Po  
Can we measure that? 
 

Simple case study - Arafat 
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Simple case study - Arafat 

On 6 November 2013, al-Jazeera reported that the Swiss 
forensic team had found levels of polonium in Arafat's ribs 
and pelvis 18 times higher than normal, and were 83 
percent confident that polonium poisoning occurred (not a 
unanimous opinion) 
18 times higher than normal would be about 1.35e-8 Bq/g 

210Po (that’s 3.6e-7 pCi/g for those of you who are not 
bilingual)  
Can we measure that? 
Give up yet? 
What’s wrong with the method? 
What should they have measured? 
 



28 



29 

So what do you think – did 210Po kill Arafat? 

Litvenenko died in about 28 days 
 
Litvenenko was believed to have received 2GBq of 210Po  
 
18 times normal would mean about 331Bq in Arafat 
 
Arafat died in about 23 days 
 
Could he have died from 331 Bq of 210Po ? 
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Another Simple Example 
Natural Reactor - Oklo, Gabon, Africa 
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How did we discover that a reactor operated here? 
 
 Tell-tale residual radioactivity? 
 
 Nope. 
 
 235U abundance not correct 
 
 Presence of trace amounts of 235U fission products 
 
 Presence of trace amounts of 239Pu fission products 
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2006Case Study: Fission Yield Module and the Oklo 
Nuclear Geyser 
  
Dr. David Hamilton, European Commission Institute 
for Transuranium Elements, Postfach2340, 76125 
Karlsruhe, Germany 
 



Fission Products 



Fission Products by Yield 





Xe production from I 



Overview of Nuclear Forensics Topics 

• Age Dating 
• U and Pu isotopics 
• Trace elements 
• Stable isotopes 
• Grain Size and Shape 
• Electron microscopy 
• X-ray diffraction 
• Mass spectrometry 



Uranium Age Dating 



Uranium Age Dating 

Basic characterization of highly enriched uranium by gamma spectrometry 
Cong Tam Nguyen and Jozsef Zsigrai 
Institute of Isotopes of the Hungarian Academy of Sciences 



So…. How long before we can use the U age dating? 
 
30 days? 
 
What if? 
 
10 g 234U 
 
Specific Activity = 6.22e-3 Ci/g or 230 MBq/g 
 
10 g = 23 trillion Bq 234U 
 
After 30 days, 226Ra ingrowth = 1.3e-9% (!) 
 
Can we see the 226Ra? 
 
Maybe? – 214Bi = 0.31Bq, 46% emission probability, therefore about 
0.14 gammas per second at 609 keV 
 
So seeing the 214Bi depends a great deal on the background and other 
contributions to the spectrum 
 



Plutonium Age Dating 



Plutonium Age Dating 



“As can be seen from the figure, nature is sometimes unkind. The 
332.4- and 335.4-keV peaks from 237U/241Am are tight doublets with 
239Pu peaks (at 332.8 and 336.1 keV) within less than one keV of the 
237U/241Am peaks.”(1) 
 

1. Neutron Symmetry and Gamma-Ray Measurements for the Fissile Material 
Transparency Technology Demonstration 
S. John Luke, Gregory K. White, Daniel E. Archer, and Thomas B. Gosnell 
Lawrence Livermore National Laboratory 
 



So…. How long before we can use the Pu age dating? 
 
10 days? 
 
What if? 
 
10 μg 241Pu 
 
Specific Activity = 103 Ci/g or 3.81e12 Bq/g 
 
10 μg = 38.1 MBq 
 
After 10 days, 241Am ingrowth = 2.9e-6% (!) 
 
Can we see the 241Am? 
 
Again, maybe - 241Am = 1.1Bq, 35.9% emission probability, therefore 
about 0.4 gammas per second at 59 keV 
 
Like the 214Bi example, seeing the 241Am depends a great deal on the 
background and other contributions to the spectrum 
 
 



• Pu isotopics 
 

Pu Metric…. Tells us…. 
Decay product ingrowth Separation dating 

Pu isotope ratios Type of reactor 
U enrichment 
Neutron spectrum 

Residual isotopes Processing techniques 

Short lived fission products 
and progeny 

Chemical yield 

Kr and Xe abundances Casting dating 



• Pu isotopics 
 



• Pu isotopics 
 

Pu Metric…. Tells us…. 
Decay product ingrowth Separation dating 

Pu isotope ratios Type of reactor 
U enrichment 
Neutron spectrum 

Residual isotopes Processing techniques 

Short lived fission products 
and progeny 

Chemical yield 

Kr and Xe abundances Casting dating 



• U isotopics 
 

U Metric…. Tells us…. 
Natural U isotope ratios Geographic source 

Irradiated U isotopes 
e.g., (232U, 236U) 

Type of reactor 
Evidence of reprocessing 

Decay product ingrowth Separation dating 

Kr and Xe abundances Casting dating 



Plutonium Isotopics 



Plutonium Isotopics 

17O(α,α’) or 14N(α,p)17O yields an 870.8 keV gamma 
 
So?..... 
 
Pu metal can be distinguished from PuO2  by the presence of the 870.7 
keV gamma 
 
Why do we care? 
 
Because a small amount of PuO2 could be used to mimic the presence 
of a larger amount of Pu metal, thus attempting to spoof an 
accountability measurement 



Plutonium Isotopics 

Plutonium Isotopic Determination through Gamma Ray Analysis - 
The Verification of Dismantlement Perspective, D. Butcher, 8/2010 



Plutonium Isotopics 



Uranium and Plutonium Isotopics 



Review 

Overview of Forensics 
 
Age dating for U and Pu 
 
What we can learn from isotopic content of U and Pu samples 
 
Introduction to the role of gamma spectroscopy in nuclear forensics 



Questions? 
 
 
 


	A Primer on Gamma-ray Spectroscopy and Nuclear Forensics��
	Slide Number 2
	So…what is this nuclear forensics stuff?…
	From the IAEA…
	Slide Number 5
	Slide Number 6
	So…how complicated is this?…
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	So…how complicated is this?…
	So…how complicated is this?…
	Slide Number 19
	Age Dating
	A simple age-dating case study
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Simple case study - Arafat
	Slide Number 28
	So what do you think – did 210Po kill Arafat?
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Fission Products
	Fission Products by Yield
	Slide Number 35
	Xe production from I
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Questions?���

