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1 - INTRODUCTION 

From early 50', a carbon 14 dating laboratory was created at the 
Centre des Faibles Radioactivités de Gif-sur-Yvette (C.F.R.). From this 
time, more than 5,000 archaeological and geological samples were measured 
with the Libby method by this laboratory (1). 

C.F.R. is in the way to actualise its dai.ing activities with the 
new accelerator method. A 3 MV General Ionex Tandetron is planed to be 
located at Gif-sur-Yvette next year and shared with Orsay University for 

C, Be and CI mass spectroscopy measurement. During the same time 
atemps have been made to adapt the Super FN Tandem of the Centre d'Etudes 

14 Nucléaires de Saclay for C dating. 

2 - THE SACLAY TANDEM BEFORE MODIFICATIONS 

In its conventionnal configuration (Fig. 1), the Saclay Tandem 
accelerator tank was connected with : 

1) a negative ions injection section consisting mainly in a 
duoplasmatron gas filled ion source, a lithium oven device where negative 
ions are created by charge-exchange from positive ions in lithium vapour, 
and a 20° deflection magnet. 

2) a high energy extension consisting in a deflection magnet 
analyser with no opportunity to analyse multiple beams, a QDDD analyser 
and at last a heavy ion identifier is a gas filled detector with associated 



electronics for separating isobars and different elements. 

During last year, some experiments were conducted with this 
14 configuration for C dating and showed us the next important points : 

a) The ability of a good isotopic separation of the output counts 
in the heavy ions counter. 

b) A lack of stability in the terminal high voltage with a slow 
14 shift but large enough to produce a disappearance of the analysed C beam 

after a certain time. 

c) A poor transmission efficiency due mainly to the duoplasmatron 
ion source. 

d) A strong memory effect from sample to sample was found, power 
law time dependent, and remaining more than 2% over 2 hours after the 
precedent sample was removed. Introduction of the CO» sample gas directly 
within the expanding plasma location reduces considerably this memory 
duration to \7. in a few seconds. Unfortunately, due to the broader emission 
angle of the beam, the intensity must be limited to a very low level to be 

14 valuable for C dating purpose. 

3 - MODIFICATIONS DURING 1980 

This year, some modifications were introduced to this Super FN 
14 Tandem as to get better C dating experiments. 

First of all, the conventionnal analysing 90% deflection magnet 
was removed and replaced by a Brown Buechner type magnet analyser whose 
large momentum range allows simultaneous measurements of different beams 

14 13 12 as C, C and C. A special analysing chamber was designed, connected 
with a precision Faraday cup mounted on an adjustable socket (fig. 2) so 
as to fit exactly with the beam to be analysed. 

A new Sputter ion source was mounted with an entire new injection 
part comprising a 20° deflection magnet and focalisation quadrupole. The 



Sputter ion source and the 2C° magnet are placed upon a 60 Kv isolated 
platform. 

The Sputter ion source is an AN1S ion source (2), a cesium vapour 
plasma type where the carbon sample could be a thin layer of approximately 
10 urn deposit graphite on the concavity of the metallic cathode (fig. 3). 

4 - THE CH SECONDARY BEAK 

The ANIS Sputter ion source is especially planed to operate, if 
necessary, with addition of gas at low pressure within the plasma location 
room and the idea had come to us to create with this opportunity a con-

12 -trolled CH2 secondary accelerated ion beam which could be available 
for stabilisation and monitoring purposes. With controlled addition of 

12 -hydrogène gas in the ANIS ion source a mass 14 CH2 molecular ion beam 
is created entering into the accelerator tube with the same rigidity as 

14 -the C ions do. After passing through the low energy section of tr 
12 -accelerator tubes the CH2 molecular ions are stripped at the terminal 

stripping foil and gives a secondary C H ion beam which is accelerated 
in the high energy section of the accelerator tubes. Arriving to the 90 e 

Brown Buechner magnet chamber, it is curved just to be collected by the 
precision Faraday cup provided with adjustable slit assembly. 

The slit assembly is connected to a slit feedback amplifier and 
allows us to achieve a terminal voltage stabilisation as usual in the FN 

14 u+ tandems. In the same time the C 4 ions are collected as usual by the 
high energy extension : the QDOD analyser and the heavy ion counter 
(fig. 4). During experiments performed at a 6 MV terminal high voltage 
a typical few nA intensity C 4 + secondary beam was obtained from the 
12 -CH2 mass 14 molecular ions. This beam is much larger than needed to 
start the feedback stabilisation system and 0.022 terminal voltage 
stabilisation was obtained easily and continuously. The adjustment of 
the overall accelerator line is drastically simplified with this secon
dary beam utilisation. The magnetic field of the 20° injection magnet is 
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12 + tuned to maximise the intensity of the secondary C1* beam on the Faraday 
12 + cup. At last the position of adjustable slits on the secondary C1* beam 

line is tuned to adjust the terminal high voltage in order to maximise 
14 the counting rate of the C ions. 

5 - MONITORING OF THE U C ION COUNTING RATE WITH THE 1 2CH 2 SECONDARY BEAM 
12 -Ue have tried to use the CH2 secondary beam as a monitor of the 

14 C counting rate. A recent experiment performed as Saclay shows chat a 
14 reliability exits between the C integrated counting in the heavy ion 

12 + counter and the integrated Coulombs charges of the C^ secondary beam. 
The main parameter seems to be the partial pressure of the Hydrogen gas 
in the ion source. With a very precise hydrogen filling device, this 
reliability lies within 3% accuracy over a night. 

6 - MEMORY EFFECT WITH ANIS ION SOURCE 
14 When using a copper sample just after a 125 time enriched C 

* 14 
carbon sample , the memory in C counting drops down to less than 0.1% 
within the 15 minutes needed to change the samples (at that moment, there 
is not yet a multiple samples loader on the ANIS source). 

7 - IMPROVEMENTS 

a) Due to the addition of hydrogen gas in the ion source, the 
13 counting rate of C ions which reach the counter increases dramatically. 

In order to avoid this effect we plan to install an electrostatic deflec
tor after the analysing 90° magnet. 

b) A paitof the 3Z accuracy observed up to now is due to the error 
of measurement with the Faraday cup. We plan to monitor our measurements 

12 + using the elastic scattering of the C1* beam with a silicon detector, 
located in the analysing magnet vacuum chamber. 

• 14 
This carbon sample is a reactor irradiated carbon whose activity in C 
is 125 times the activity of a contemporary natural charcoal. 



8 - SUMMARY 

a) An ANIS sputter ion source, with extra filling gas opportunity, 
connected with a Brown Buechner type 90° deflection magnet analyser allows 

12 to use a steady and controlled CH2 secondary beam extremely useful for 
high stabilisation of the FN tandem when the main beam is too weak as the 
C one in C aating experiments. 

14 
b) A monitoring of the C counting rate by this secondary beam 

seems realistic. 

c) Memory effect in the ANIS ion source observed with a blank 
sample (i.e. : copper cathode) is less than 0,1%. 
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FIGURE CAPTIONS 

Figure I Schematic diagram of the Saclay F.N. Tandem. 

Figure 2 Disposition of the precision Faraday cup at the output 
of the Brown Buechner magnet analyser. 

Figure 3 Schematic draving of the ANIS Sputter ion source. 

Figure 4 CH secondary beam arrangement. 
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