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INTRODUCTION 

One of the primary objectives of the Nuclear Forensic Laboratory (NFL) at Soreq Nuclear Research Centre 

(SNRC) is the attribution of radioactive evidences taken from a scene (either pre or post dispersion) to an 

individual or entity involved in illegal or terrorist activities. The attribution has several aspects: the 

radioactive material production site, the route of the material from its production site to the scene and the 

intended use of the material. 

A material of interest due to its wide spread and potential risk is  
252

Cf (T1/2=2.65 years), which undergoes 

radioactive alpha decay to 
248

Cm as well as spontaneous fission (SF). Each fission event gives off multiple 

neutrons with a broad spectrum of energies. The fission rate is 6.2×10
5
 SF/s/g and the average number of 

neutrons per fission is 3.7 (the probability of spontaneous fission is 3.1%) [1]. Therefore, the neutron 

emission rate is 2.3×10
6
 neutrons/s/g with a specific activity of 20 MBq/g. The variations in fission 

fragment sizes and number of neutrons emitted per fission provide variable neutron energies over the range 

of 0-5.5 MeV (with few neutrons going up to 10 MeV [2]), with average neutron energy of approximately 

2.3 MeV.  

Sources of 
252

Cf are commercially available for a range of applications such as prompt-gamma neutron 

activation analysis of coal and cement, petroleum contamination analysis in soil, detection of explosives and 

landmines, calibration of neutron monitors, neutron radiography and cancer therapy.  

Most of the contributions to the gamma spectrum are from Fission Products (FP), most of which have short 

half-lives, activation products from the shielding and casing materials, and impurities in the source. The 

activity of long lived (compared to that of 
252

Cf) FP such as 
137

Cs (T1/2=30.02 years) continue to grow with 

time, while the activity of short lived FP such as 
132

I (T1/2=2.3 h) remains constant. Those FP emit gamma-

rays at 662 and 667 keV respectively [3]. Other nuclei that are present in commercially available 
252

Cf 

sources are 
249

Cf (T1/2=351 years),
 250

Cf
 
(T1/2=13.08 years)

 
and

 251
Cf (T1/2=898 years) isotopes which are 

created during the production of the source via irradiation of 
250

Cf in high flux reactors [4]. Even though the 

source is chemically purified at the end of the production process these isotopes remain present.  

Only two sites in the world produce 
252

Cf: the Oak Ridge National Laboratory in the United States and the 

Research Institute of Atomic Reactors in Dimitrovgrad, Russia. As of 2003, both sites produce 0.25 grams 

and 0.025 grams of 
252

Cf per year, respectively [5].  

Gehrke et al. [3] studied the gamma spectrum of a new and an aged 
252

Cf sources and observed several 

major differences: 

 The 388 keV line from 
249

Cf (351 years) is stronger at the aged source.  

 The 661 keV line from 
137

Cs (30 years) is stronger at the aged source. 

 The 177 keV line from 
251

Cf (898 years) is stronger at the aged source. 

The presence of 
249

Cf and 
251

Cf is the results of trace elements introduced during the source production 

process, whereas 
137

Cs is a FP of 
252

Cf. 

The age of a 
252

Cf source (the time from its chemical purification) is determined by the  

ratio of two FP, 
137

Cs and 
132

I. Having that 
132

I has a short half-life compared to 
252

Cf, its activity represent 

the current 
252

Cf activity, which is not the case for 
137

Cs with its long half-life relative to 
252

Cf.  

The gamma emission rate ratio: 

 



is calculated using the growth and decay equations, assuming that the ancestor FP of 
137

Cs have short half-

lives: 

 
 

Where I(x) is the emission rate of x (x is 662 or 667 keV) at time t,  is the gamma-ray emission 

probability,  is the decay constant and S is the number of SF per decay and  is the cumulative yield of 

each FP.  

The ratio R can be written and then solved graphically or numerically. In our dating method we used the 

graphic solution appearing in [3].  

 

RESULTS 

Two old 
252

Cf sources were found in a storeroom in Soreq NRC. They were found inside explosive detectors 

delivered by the U.S. army at an unknown date. The source assigned “source A” (seen in Figure 1a) was 

separated from its detector, mounted inside a stainless steel casing, about 5 mm in diameter, and the source 

assigned “source B” was still incased in the original detector (seen in Figure 1b). The effective dose from 

both sources was measured using a BF3 proportional counter the results are presented in Table 1. 

 

 

 

 
(a) Source A, separated from the 

detector. 

 (b) The detector casing, Source B is 

encased in the detector. 

Figure 1. The two 
252

Cf sources, separated and inside the original casing. 

 

Table 1. Measured effective dose of 
252

Cf sources 

 

 Neutrons (mRem/h) Gamma-rays (mRem/h) 

Source A 0.05±0.01 2.7±0.2 

Source B 0.15±0.03 5.5±0.3 

Background 0.004±0.002 - 
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2(a) The gamma spectrum of source A as measured with an HPGe detector. The blue arrow marks the 661 

keV line from 
137

Cs and the red line marks the 388 keV from 
249

Cf. 
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2(b) The 661 and 667 keV peaks used for dating, zoomed. 

Figure 2. Measured gamma spectra of the 
252

Cf source A. 

 

The gamma spectrum of both sources was measured with an HPGe detector, at a 10 cm distance between the 

source and the detector which enables approximate point-source geometry, with a 10% accuracy. The 

gamma spectrum of source A is presented in Figure 1, along with a zoomed image of the 661/667 keV peak 

area. The other most prominent peak in the spectrum is 388 keV from 
249

Cf. Other peaks that are seen in the 

spectrum are from other FP such as 331 keV from 
130

Sb + 
144

Cs and 255 keV from 
142

Ba. The analysis of the 

entire gamma spectrum is challenging due to the large number of FP. 

The peak ratio of 
137

Cs and 
132

I was estimated to be 124 for source A, which correspond to 28±5 years, 

according to the graphic solution to the FP ratio equation found in [3]. The determined age of the source is 

in agreement with its estimated arrival time at Soreq. The presence of 
250

Cf in the source influences the SF 

rate as a function of time. Further analysis of this influence is being conducted. 

The age of source B was not determined yet due to uncertainty in the location of the radioactive source 

inside its detector casing. To overcome this limitation X-ray radiography of the detector casing is under 

implementation. 

 

CONCLUSIONS 

The gamma spectrum of a 
252

Cf neutron source holds a large number of peaks from the FP, their products 

and other Cf isotopes present in the spectrum. The differences between a new and an old 
252

Cf neutron 

source gamma spectrum are mainly in the size of 661, 388 and 177 keV peaks from 
137

Cs, 
249

Cf and 
251

Cf, 

respectively. 



A technique to identify the traces of 
252

Cf sources and to determine their age was developed based on 

previous work [3], using 
252

Cf sources found at Soreq NRC. In the future, measurement of more, well 

known sources will be conducted to quantify the accuracy of this dating method. 
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