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Installing	  2nd	  CASCADES	  Cryostat	  



PNNL Locations in Washington State 

Marine Research Operations 
Sequim, Washington 

Richland campus 

PSF and the new shallow underground lab 



PNNL Shallow Underground Laboratory 
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Crystal	  installa<on	  into	  2nd	  cryostat	  

CASCADES HPGe Array 

Ø  14 crystal HPGe array operating in shallow 
underground lab at PNNL 
Ø  Two cryostats 
Ø  2 crystals in upper cryostat are not operating  

Ø  Low-background construction and techniques 
Ø  PNNL	  electroformed	  copper	  cryostats	  
Ø  Low-‐background	  materials	  
Ø  Graded	  shielding	  
Ø  ~30	  m.w.e.	  overburden	  
Ø  Ac<ve	  an<-‐cosmic	  veto	  
Ø  Radon	  exclusion	  system	  

Ø  Development was funded by DOE Ground-Based 
Nuclear Explosion Monitoring (GNEM) Program 
(Leslie Casey) 
	  

HPGe	  array	  in	  PNNL	  shallow	  lab	  



Technical Approach 

Ø  Filter Paper 
Ø  Whole sample 
Ø  Archive portion 

Ø  Liquid sample after 
radiochemical dissolution 

Ø  Separated / group separated 
samples or solutions 

Ø  Swipes, etc 
Ø  International Monitoring System 

Samples? 

 

Ø  High Efficiency 
Ø  High Selectivity 
Ø  Low Background 
 

Performance Objectives        Sample Types    

Focus	  areas:	  nuclear	  forensics,	  material	  assay	  
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“Melusine”	  Gamma	  Spectroscopy	  Analysis	  Code	  

“Singles”	  and	  
coincidence	  spectra	  
from	  thermal	  
irradia<on	  of	  235U	  

Ø  Gamma spectroscopy code to support 
analysis of data from multi-coincident 
detector systems, e.g. CASCADES 

Ø  Provides typical gamma spectroscopy 
functionality 
Ø  Energy and shape calibration 
Ø  Detection efficiency calibration 
Ø  Peak search 
Ø  Isotope identification 
Ø  Activity calculations 

Ø  Provides additional capabilities for 
coincidence systems 
Ø  Flexible data reconstruction 
Ø  1- and 2-D histograms 
Ø  User-defined coincidence, anti-coincidence, 

energy cuts, etc 
Ø  Relies on the Coincidence Lookup Library for 

coincidence signature intensities 

	  
Energy	  calibra<on	  panel	  
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“Melusine”	  Gamma	  Spectroscopy	  Analysis	  Code	  

1173	  keV	  

1332	  keV	  

132I	  

Non-‐detect	  for	  60Co	  in	  singles	  mode	  
	  
	  
60Co	  detected	  in	  coincidence	  

Nuclear data from the CLL drives 
 

Ø  Emission probabilities for coincidence 
signatures are required (along with detection 
efficiency) to convert measured signal to 
activity 

Ø  Coincidence summing corrections 
 

	  



Coincidence Lookup Library 
Smith et al, IEEE Transactions on Nuclear Science, V51, N3, June 2004 
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Ø  The Coincidence Lookup Library (CLL) was developed at PNNL ~ 2004-2006 
Ø  Calculates path probabilities based on published decay structures 
Ø  Provides conversion coefficients for gammas (from published nuclear data tables) 
Ø  Provides associated β-max (from published nuclear data tables) 
Ø  Provides limited x-ray data 

 

	  

154Eu	  



Nuclear Data  
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Ø  The CLL uses static nuclear data, e.g. Table of Isotopes, 8th edition (1999) 
Ø  The CLL does not provide uncertainty in the signature intensity, or in the 

conversion coefficient 
Ø  For some isotopes, the CLL does not successfully parse the nuclear data 

Ø  A number of isotopes are not successfully calculated 
Ø  e.g. 55Co, 56Co, …. 

Ø  We are not aware of published data tables that provide the emission 
probability for coincident γ-γ, γ-x, and β-γ-γ signatures 

Ø  Monte-Carlo decay simulators are available which also utilize available 
nuclear data to provide particle generator capabilities 
Ø  SCH2FOR (Laedermann and Decombaz, Appl Radiat Isot, V52, N3, Mar 2000) 
Ø  G4RadioactiveDecay (Agostinelli et al, NIMA 506, 2003) 

Ø  Nuclear Data Gaps in the CLL (and elsewhere?) 
Ø  Angular correlation data 
Ø  Conversion coefficients often calculated (often not measured) 
Ø  Missing data 

	  



Coincidence Data in NuDat Decay Radiation 
Search 
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60Co	  

hXp://www.nndc.bnl.gov/nudat2/dec_searchi.jsp	  



Summary and Path Forward 
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Ø  Laboratory use of multi-crystal γ-γ 

coincidence systems is increasing 
Ø  CASCADES, Dual Clover, etc 
Ø  Analysis capabilities are typically 

system-specific, do not use consistent 
algorithms and nuclear data 

Ø  Future validated γ-γ methods will need 
Ø  Consistent nuclear data 
Ø  Validated algorithms 
Ø  Interlaboratory comparisons 

Ø  Near-term focus should be on nuclear 
data and problem-specific algorithms 
Ø  PNNL is pursuing a collaboration with 

Dave Brown (BNL) to develop new γ-γ 
coincidence analysis algorithms and 
associated nuclear data tables    

	  


