
Radioxenon Measurements

� A β-γγγγ coincidence 
measurement for the analysis 
of 135Xe and 133Xe ;

� An EC-X Ray coincidence 
measurement for the analysis 
of 133mXe and 131mXe.
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Photon spectrum

Experimental Set-Up

Photon detection

Detectors characteristics: 

� Two L-Shaped and one U-Shaped Canberra BEGe 5030 detectors ;
� Equipped with identical HPGe crystals ; 
� Low Background configurations and 600 µm carbon epoxy entrance window.

Electron detection (see [1] for more details)

Detector characteristics: 

� Two large area (1200 cm2) Passivated Implanted Planar 
Silicon (PIPS, 500 µm thick) ;
� carbon epoxy entrance windows ;
� 15 cm3 Electron detection cell built with low-background aluminium.

Measurement performances:  

� Optimized resolution (FWHM < 550 eV @ 59.5 keV and < 2000 eV @ 1332.5 keV) ;
� 51.3 ( 0.9) % intrinsic efficiency per crystal ;
� The spectrometers are movable along (x,y,z) axis in order to accommodate various samples geometries:

Measurement performances:  

� Full energy deposition of 400 keV electrons in the PIPS ;
� Resolution 11.3 keV @ 130 keV, electron energy threshold 25 keV ;
� Efficiency 40 % @ 130 keV.

The GAMMA3333 spectrometer

A Low Background measurement configuration

� Surface laboratory (3 m.w.e.)

� An inner measurement volume of 50 L.

� A Passive shield composed of :

� 1: 2 cm steel
� 2: 4 cm lead (30 Bq/kg)
� 3: 8 cm low activity lead (3 Bq/kg) 
� 4: 5 cm 2 % or 5 % borated polyethylene (neutron shield)
� 5: 3 cm very low activity lead (0.3 Bq/kg)

� An active background reduction via :

� 6: 5 cm plastic scintillator µ-veto (5 sides)
� 7: High purity gaseous nitrogen injection for 

radon flushing (62 L/h).

Fission Products Measurement

� High geometrical efficiency for low activity sample using 2 or 3 crystals

• Compared to a single 60% N-type coaxial HPGe, MDA are reduced by a factor of:
� 2-4 for 500 ml bottles (3 crystals)
� 2-3 for 50 mm compressed air filters (2 crystals)
� 3-5 for a 130 mm ∅ air filter (2 crystals)

For instance for a 500 ml standard soil sample, MDA(241Am) is expected to be close to 60 mBq/kg (4000 min) i.e. 4 times
lower than in α spectrometry.
Even larger (factor 2) improvement can be obtained using optimized counting geometries e.g. 1000 ml square bottle.

• Counting time can be reduced by a factor of 2-5 without affecting statistics (improved system throughput).

• The inner neutron shield reduces drastically germanium/lead activation which enhance the detectability of 99mTc,
134Cs, 140Ba.

• Inhomogeneous filter samples are analyzed in a single run.

• High resolution allows Ka1/Ka2 separation at low energy and 226Ra/235U doublet deconvolution at 186 keV.

� γγγγ-γγγγ coincidence measurement for radionuclide trace detection in high activity sample

� is efficient for measurement of multilevel scheme radionuclides such as several relevant fission/activation 
products: 99Mo, 108mAg, 110mAg, 125Sb, 131Te, 131mTe, 132Te, 132I, 133I, 133Ba, 134Cs, 136Cs, 140La, 143Ce,152Eu, 154Eu, 

� is efficient for interference solving,
� Presents limited crosstalk [2].

LRT(2013), L’Aquila, Italy

Objectives
Identification and quantification of minute quantities of fission and activation products in environmental samples is of primary importance for the understanding and characterization of radiological events in various fields: nuclear power plant accidents, 
detection of clandestine nuclear tests in the framework of CTBT (Comprehensive Test Ban Treaty), nuclear forensics... 
Sensitivity of conventional surface systems is limited by the natural environmental background whereas for underground systems performances are hampered by the Compton background signal due to natural or major anthropogenic radionuclides present in 
the sample. In order to achieve the best detection capabilities for both low and highly active sample, a versatile triple germanium crystal spectrometer has been designed and is been built in our surface laboratory. This structure can accommodate several 
types of environmental samples (aerosol filters, bottles ranging from 20 to 1000 cm3 and gas cell). A special gas cell including electron detectors (PIPS) has been build to be used in this setup for the detection of mBq/m3 amounts of radioxenon in the air.

GAMMA3333: A GAMMA/ELECTRON SPECTROMETRY
SYSTEM FOR THE DETECTION OF ENVIRONMENTAL
FISSION PRODUCT TRACES
A. CAGNIANT*, G. DOUYSSET, P. GROSS, C. JUTIER, G. LE PETIT
CEA, DAM, DIF – F-91297 Arpajon (France) 
Antoine.cagniant@cea.fr

Setup overview (side and top)

Measurement configurations (from the left: RASA aerosol filter, 500 ml bottle, xenon gas cell)

HPGe Crystals are shown in blue, samples are shown in grey.

Xenon gas cell (top: side schematic cut, bottom: front view)Standard 15.3 Bq 131mXe PIPS measurement, Acq. Time 58 000 s.

Shield structure (work in progress)
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Direct and coincidence spectra of a 134Cs trace contained in a 
65Zn solution. 

Signal-to-noise ratio of 563/569 keV lines of 134Cs is increased 
drastically in coincidence mode.

The decay schemes of radioxenons

[1]: G. Le Petit, et Al. Journal of Radioanal. And Nucl. Chemistry (2013, accepted publication). 
[2]: C. Jutier, G.Douysset Appl.Radiat. Isot. 70, 1969 (2012)
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β-gated photon spectrum
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β-gated photon spectrum

25 30 35 40
0

0.5

1

1.5

2

2.5

3

Photon energy (keV)

C
ou

nt
s 

(lo
g 

sc
al

e)

Environnemental radioxenon spectrum

 

 

Photon spectrum

Ambiguous attribution of
the 29 keV X-Ray peak
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Top : direct photon (left) and electron (right) spectra. 
Down :  beta gated photon (left), coincidence (middle) and xenon K-Ray gated electron (right) spectra. 

Measurement : 4.7 days of an environmental radioxenon sample.
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Environnemental radioxenon e--photon coincidence spectrum
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Coincidence background spectra (3.9 days). Left β gated, right xenon Kα X-ray gated, central 3D spectrum.
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β-gated photon spectrum

Radioxenon 131mXe 133mXe 133Xe 135Xe

MDA (mBq) 0.4 0.3 0.9 0.4

�This configuration provides very 
low MDA for the radioxenons, 
first experimental estimations are: 

Zoom on the xenon and cesium K X-ray 
region (30 keV)

Zoom on the 135Xe γγγγ region (249 keV)
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Electron spectrum

+ β spectra of 133Xe, 135Xe, 
214Pb,Bi
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Electron spectrum gated by xenon Kα  X-Rays


