
Applications of LaBr3 Gamma-ray 
Arrays for Nuclear Spectroscopy and 

Radionuclide Assay 

Paddy Regan 

Department of Physics, University of Surrey, 
Guildford, UK  p.regan@surrey.ac.uk  

& 

Radioactivity Group, National Physical Laboratory, 
Teddington, TW11 0LW, UK 

paddy.regan@npl.co.uk 

 

mailto:p.regan@surrey.ac.uk
mailto:paddy.regan@npl.co.uk


Outline 
ÅWhy LaBr3(Ce) detectors for nuclear (gamma-ray) measurement ? 

ï g-ray Energy and nuclear excited state lifetime measurements. 

ÅThe FAst-TIMing Array for DESPEC (FATIMA) 

ÅThe UK NAtional Nuclear Array (NANA)  

ïFast-Timing standards and commissioning (152Sm from 152Eu source) 

ï134Cs ; 137Cs assay and future applications. 

ÅHybrid LaBr3-HPGe arrays 

ïROSPHERE (IFIN-HH, Bucharest, Romania) 

ïEURICA+FATIMA (RIKEN, Japan) 

ïEXILL+FATIMA (ILL-Grenoble, France) 

ïGAMMASPHERE+FATIMA (Argonne National Lab, USA) 

ïFocal plane array at RITU (Jyvaskyla, Finland). 

ÅFuture Hybrid arrays on the near horizon. 

ïAGATA+FATIMA (GANIL, France) ;  NuBALL (IPN-Orsay, France) 



Measuring Excited Excited States ð  
Nuclear Spectroscopy  & Nuclear (Shell) Structure  

Å Nuclear states labelled  by spin and parity quantum numbers and energy.  
Å Excited states (usually) decay by gamma rays (non -visible, high energy light).  
Å Measuring gamma rays gives the energy differences between quantum states.  

gamma  
ray decay  



Why use LaBr3(Ce) (for gamma-ray spectrometry) ? 

ÅGood (enough) energy resolution. 

ÅFast (enough) timing response 

ÅGood (enough) full-energy peak efficiency. 

S.J.Bell et al., CTBT:  Science and Technology  conference, Vienna, June 2015. 





Where is the application / impact of LaBr3(Ce) detectors ? 

Å LaBr3(Ce) scintillation detectors measure discrete energy gamma rays.  
 

Å LaBr3(Ce) energy resolution allows selection of characteristic excited state decays. 
ï¢Ƙƛǎ ƛǎ ŀ ǇƻǿŜǊŦǳƭ ǎŜƭŜŎǘƛƻƴ ǘƻƻƭ ǿƘŜƴ ǳǎŜŘ ƛƴ ΨŎƻƛƴŎƛŘŜƴŎŜ ƳƻŘŜΩ όǎŜŜ ƭŀǘŜǊύΦ 

 
Å Bound excited nuclear states typically exist for 10-13 ǎ ҭ мл-8 s before g-ray decay. 
ï  LaBr3ό/Ŝύ ŘŜǘŜŎǘƻǊǎ ŀƭƭƻǿ ΨŦŀǎǘ-ǘƛƳƛƴƎΩ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ g-ray decays.   

 
Å We can construct a high-precision nuclear microscope that ΨǎŜŜǎΩ the internal 

structures of atomic nuclei, objects which are ~10-14 m across. 
 
Å Measurements tests nuclear structure theories & models. 
ï  Leads to new physics insights on interactions in nuclear matter. 

 
Å DAQ / analysis techniques developed in such studies can be transferred to 
ΨƛƴŘǳǎǘǊƛŀƭΩ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ŀǎǎŀȅ ƻŦ ƴǳŎƭŜŀǊ ǿŀǎǘŜΤ  
ïΨbŜǿΩ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ŘŜǾŜƭƻǇŜŘ ƛƴ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀǊŜƴŀ ƛƴ ǘƘŜ ŦƛǊǎǘ instance. 

  



The FAst TIMing Array for DESPEC: 
(FATIMA) 



FATIMA detector module 
ÅмΦрέ Ȅ нέ [ŀ.Ǌ3(Ce) crystal, coupled to a fast-

timing PMT.    Housed in aluminium can. 
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FATIMA  for DESPEC  

Å FATIMA  = FAst  TIM ing Array = State of the art array for precision 
measurements of nuclear structure in the most exotic and rare nuclei.  

Å 36 individual LaBr 3(Ce) detectors in 3 concentric rings of 12 detectors.  

ï Energy resolution  better than 3% at 1 MeV.  

ï Detection efficiency of ~ 5% Full -energy peak at 1 MeV.  

ï Excellent timing qualities (~ x00 ps, depends on gamma-ray energy).  

 

Å Use to measure lifetimes of excited nuclear states & provide precision tests of 
nuclear structure, uses a fully -digitised DAQ (CAEN 1 GHz digitizers).  
 

 

 

 

 

 

 

 

 

 
  



The National Nuclear Array,   
 

Ψb!b!Ω 



NANA ς National Nuclear Array 

Å! ƴŀǘƛƻƴŀƭ ΨǎǘŀƴŘŀǊŘǎΩ ŀǊǊŀȅ 
of LaBr3(Ce) in the UK to 
provide radioactive source 
measurements which are 
traceable to the Bq.  

 

ÅGamma-ray detection both 
in g-g coincidence mode 
and for use in beta-gamma  

 

Å12 LaBr3(Ce) in compact, 
high-efficiency geometry, 

 

 


