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   KIGAM introduced an AMS machine in 2007 on purpose to dedicate to research on earth science. Before 
the installation, renovation of the laboratory was performed. The main goals of the renovation were 1) to 
strengthen floor because of heavy weight of accelerator and magnet (see the Fig. 1), 2) to make trench to 
hide wires and tubes of AMS machine (see the Fig. 2), 3) to make air stream between laboratories to keep the 
air in the laboratories clean and dry, 4) to separate electricity supply to the AMS lab from other laboratories 
in the same building for safety, 5) to provide first-grade ground connection for accelerator and precise 
measurement system, and 6) to set the electricity outlet at proper sites to make maintenance of accelerator 
easy. The result of the renovation was very satisfactory because it was greatly helpful during the installation 
of the accelerator. And misalignment troubles of beam line and the troubles with water or compressed air 
system have never happened in this laboratory for almost a decade.  

More than 25,000 radiocarbon dating targets have been measured by the AMS during the last 9 years. 
4,664 targets and 3,445 targets were measured in 2015 and 2016, respectively (Fig. 3). Around 38% of the 
targets were control targets (blank and known samples including oxalic standards) to guarantee the quality of 
analysis. KIGAM provides diverse chemical and physical procedures for sample preparation of various 
samples, such as wood and charcoal (including alpha cellulose extraction), carbonate (wet and dry), sediment 
(humic and humin), bone, protein (organs and silk), air, biomass, iron artifact and pottery. Materials 
measured for last 9 years were presented in Fig. 4. 

  

Fig. 1 Floor renovation with dense rebar mesh and 
supply tubes. 

 

Fig. 2  Accelerator room ready for installation. 
 

 

特別寄稿 

本原稿は、第29回（2016年度）名古屋大学宇宙地球環境研究所年代測定研
究シンポジウム・特別講演で話す予定の内容を主体にまとめたものです。 
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Fig. 2  Diagram of process and data flows for radiocarbon dating at KIGAM AMS laboratory. 

 

 

Fig. 3  A 24-fold automatic reduction system developed by KIGAM. 
 

AMS measurement is consisted of several times of runs in which batch of samples are sequentially 
measured to avoid a risk of long-term variation of AMS condition. In a run, all the samples are measured for 
9 minutes in routine work, but data are stored every 30 seconds. Hence each run has 18 data blocks per 
sample. Generally, three runs go for normal sample. For 50 targets (one carrousel), one runs takes 450 
minutes, and three runs takes 1350 minutes (around 22 hours). For overnight measurement, Unmanned 
Operation System (UOS) was developed. A CCD camera watches the control PC of AMS system during the 
operation, and UOS calls to operator’s mobile phone when it detects activity of an interlock system of AMS. 

All the age data of samples are reviewed at revision meeting to verify their validities. The meeting is the 
last step before issuing the age report. The data tables for the review meeting are shown in Figs. 7 and 8, 
which are provided by a tiny and fast data view and analysis tool, called “Cheeseburger”, which was 
developed at KIGAM AMS laboratory. The raw data table (Fig. 7a) is extracted from raw data files created 
by AMS system, and the age table (Fig. 7b) is created by calculation of sample ages. Cheeseburger can 
recognize prefixes of several special sample codes of KIGAM Sample Code Protocol (KSCP), such as oxalic 

 

 

 

 

   Every data produced during the preparation procedures are collected in a database server (Fig. 5). The 
database system was designed in order to centralize and inquire data very easily. It was written in Oracle, 
NET and Excel script. This data base system helps analysis work. To make data collection easy, all the 
weighing system, reduction system, and AMS system are connected to PC, and data from the systems can be 
transferred to the data base by mouse click. Apply form for age dating is also written Excel script, and the 
sample information from the customer including sample type can be transferred to the data base. Then the 
proper chemical procedures are recommended by it. Receptionist can select one of the procedures. This data 
base system also plays a role of information center of samples. For example, in every step of sample 
preparation, an analyst can refer all the data of previous step easily. When we review the age dating results of 
the sample, we can access to history of a sample easily because this system operates on web base in order to 
access to it everywhere. 

A 24-fold automatic reduction system, shown in Figure 6, was developed, and has been dedicate to 
routine combustion and reduction processes of samples. This system is coupled with an elemental analyzer to 
combust samples sequentially, and controlled by a PC, which collects all the data from reduction process and 
sends them to the database server. The average yield of the reduction system is higher than 95% with typical 
reaction time of 3 hours. High reduction yield is preferred not only for small sample size but also for the 
minimization of isotopic fractionation. 
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Fig. 3  Number of radiocarbon targets for 9 years. 

 

Fig. 4  Targets of KIGAM AMS for last 9 years. 
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in the table. Detection limit (DL) for the measurements is calculated from deviation of the blank values. 
 
 

 
(a) 

 

 
(b) 

sample (“Ox”), several different types of blank samples (“Bg”, “As”, “Ac”, “Aw”, “1C”) and known samples 
(“St”, “2C”, “4C”, “7C”, “8C”). The program performs blank subtraction, evaluation of δ13C from 13C value 
of each sample, correction for isotopic fractionation using the δ13C, averaging the data from one sample, age 
and error calculation, and statistics of the results. 

 
 

 
(a) 

 

 

(b) 

Fig. 4 (a) Raw data table and (b) age data table provided by Cheeseburger, the data view and analysis tool, developed at 
KIGAM AMS laboratory. Green colored numbers in (b) are representing that they are correct within the error 
ranges of consensus values of the known samples. Red colored number means that the number is out of criteria. 
In this example, the accumulated charge is not sufficient for good statistics. 

In the age table, ages of known samples are compared with their consensus values, and the results are 
marked by colors. Measurement results (BG) of blank samples are also evaluated and given at the bottom of 
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 (c) 

Fig. 5 Analysis results of Cheeseburger. (a) A trend table between runs (a sequence of multi-sample measurements). (b) 
Comparison of data of a sample between runs. In KIGAM AMS Lab, a sample is measured 3 times (runs) in 
routine work. (c) Block data plot with calculation results for a single measurement. In the plots (b) and (c), each 
dot can be removed by double-clicking and the calculation results in right-hand side table are changed 
immediately. Users can un-do deleting of a dot by double-clicking again. 

 

 
Figure 8 presents analysis results of Cheeseburger. Long-term change of components in AMS system, 

such as magnets, can sometimes cause slow but large variation during measurement, which usually takes 
several days. Run trend table (Fig. 8a) is very useful to confirm the AMS machine stability during the 
measurements. It also gives information of oxalic standards and blank targets. This kind of long-term 
condition change of AMS spectrometer makes age discrepancy between runs of a sample. Sample trend table 
(Fig. 8b) shows plots of several parameter changes between runs so that the long-term variation can be 
caught easily. When the variation of a run data is larger than two sigma range over all runs, then user can 
remove the run data from result calculation. 

In the AMS measurement, sudden spark at terminal or ion source sometimes occurs, and this kind of event 
causes drastic condition change within very short time, which may be presented as a block data fluctuation of 
a measurement. The block plot (Fig. 8c) provides powerful tool to pick up such outliers from blocks of the 
measurement. With the program, it becomes very easy and effective to review AMS data. 




