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The accelerator mass spectrometer created at BINP is installed at CCU “Geochronology of the cenazoic era” for
sample dating by the '*C isotope. Present status of AMS complex and the results of experiments for radiocarbon

concentration measurements in test samples are presented.
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1. INTRODUCTION

The accelerator mass spectrometry is an ultra-
sensitive method of isotopic analysis for archaeology,
geology, biomedical science and other fields. The AMS
is mainly dedicated for radiocarbon dating of samples
by measurements of the ratio between carbon isotopes.
The ratio between isotopes '*C and *C in modern sam-
ples is about 10?. The radiocarbon concentration in
“dead” samples is reduced by half every 5730 years, and
can be less than 10™°. The radiocarbon concentration is
measured by direct counting of '*C ions, and only 1 mg
or less of carbon sample is required for this method.

The BINP AMS system consists of the ion source,
low energy channel, tandem accelerator and high-
energy channel [1]. The ion source is used for produc-
tion of the negative ions by bombarding the carbon tar-
get with positive cesium ions. The low energy beam line
is used for initial isotopes selection. The folded type
vertical tandem accelerator is applied for rejection of the
molecular ions and of course for obtaining necessary
beam energy for rare isotopes detector. The high-energy
beam line is used for the subsequent ions selection and
for radioisotopes detection.

The negative ion beam, horizontally extracted from
the source, passes through the 90° injection magnet.
Then the ions are vertically accelerated to the positively
charged high voltage terminal and stripped to plus
charge state in magnesium vapors stripper. Then they
pass through the 180° electrostatic bend and then again
are accelerated vertically into the high energy accelerat-
ing tube to the ground potential. The extracted radioiso-
tope ions are horizontally put to the final detector [2]
through high-energy channel with 90° magnet.

The most distinguishing feature of our AMS ma-
chine is the use of additional electrostatic separator of
ion beam, located inside the terminal. Interfering iso-
baric molecules are destroyed by collisions in the strip-
per into the terminal and are selected immediately after
the stripping process. It is important to decrease the
background from molecular fragments before the sec-
ond stage of acceleration [3], because the energy of
fragments is always less then the ion energy (at this
moment). The next important distinguishing feature is
magnesium vapours stripper [4] instead of the gas strip-
per. The gas flow into the accelerator tubes leads to big
energy spread in the beam thus limiting the sensitivity
and accuracy of spectrometer. The molecular destruc-
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tion and ion recharging by magnesium are localized into
the hot tube of the stripper.

2. PRESENT STATUS

The BINP AMS facility is in operation for radiocar-
bon concentration measurements at CCU in Novosi-
birsk. The accelerator is placed into underground room
with radiation shielding. The inner size of the room is
6x6x7.5 meters.

The 1 MV terminal voltage was achieved by using
low cost air-gas mixture. The tank was pumped to the
0.8 atm air pressure, and then the tank pressure was in-
creased to 1.6 atm by four nitrogen gas-cylinder. The
4 kg of SF¢ gas was added (+0.02 atm) to increase the
electrical strength of the mixture. The 1 MV has been
achieved without breakdowns.

The new modification of the magnesium vapors
stripper was used last year without replacement of mag-
nesium. All hot parts of striper are located in vacuum
for prevention of corrosion of striper surface by the tank
gas mixture. The power consumption by stripper is
about 50 W.

The electrical power, required in the terminal equip-
ment, is generated by the 500 W gaseous turbine. The
turbine is fed by compressed air follows from compres-
sor, which is placed at ground potential. For prevention of
water condensation on the cool surface of the gas turbine
feeding dielectric tube (inside of the accelerator tank), the
lower part of the tube (outside of the tank) was heated.

The multi-cathode (for 23 samples) sputter ion
source is used for synchronous analysis of the samples
and for comparison of the tested samples with the refer-
ence one. The negative ions are produced by bombard-
ing the graphite target with positive cesium ions. The
cesium oven was improved for a more rapid replace-
ment of cesium.

The time-of-flight detector (ToF) is used for ion
identification. At present, the ToF channel width is
70 ps. The moment of time for ion detection can be reg-
istered with 16 ps channel width. This data is used for
calculation of number of detected ions per unit time,
allowing to filter the background ions from electrical
breakdowns at ion source.

The process of isotope measuring and sample chang-
ing (wheel rotation) is fully automated. The measure-
ments and running conditions are on-line displayed and
stored in the database files.
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Now, the BINP AMS complex was routine used for
radiocarbon measurements in archaeological samples,
produced by CCU “Geochronology of the cenazoic era”.
The sample preparation group produced about 1 sample
per day. The measured radiocarbon concentration in
“dead” samples prepared from graphite was about sev-
eral percent relative to the modern sample. It is due to
contamination by background carbon during sample
preparation procedure. Now, the reproducibility of sam-
ple preparation is not good enough for AMS testing by
commonly used standard such as OxII. For testing of the
reproducibility of AMS measurements and ion back-
ground, we used samples that do not require sample
preparation procedures. It is graphite MPG (as “dead”
sample) and carbon fabric (as modern sample).The ex-
perimental results from such test are presented below.

3. EXPERIMENTAL RESULTS

During the experiments, the injection energy of ra-
diocarbon beam was 25 keV. The '2C beam current was
about 10 uA. The terminal voltage was 1 MV. The 180°
electrostatic bend was set to transmit the ions with
charge state 3+. The ions in charge state 3+ will be used
for isotope analysis because the molecules in charge
state 3+ are unstable. The magnesium vapors stripper
was heated for obtaining the equilibrium charge state
distribution, but not more. The ion energies at the exit of
AMS facility are 4025 keV. The ions transmission of
AMS system at this energy is about 10 % (includes the
stripping yield for 3+ charge state). The vacuum in the
beam line was about 10 Torr. The '*C ions are meas-
ured in shielded Faraday cups with secondary electron
suppression. The "*C ions are counted by ToF telescope.
Each channel ToF telescope is 70 ps.
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Fig.1. Mass spectrums of the injected (upper curve)
and accelerated (lower curves) beams
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The typical mass spectrum of the carbon target be-
fore acceleration is shown in Fig.1 (upper curve). The
plot is obtained by varying the injection magnet field.
The intensity of the mass-14 peak is more than 10~ per
12C isotope. It is mainly the "°CH, and "*CH molecular
currents. The intensities of the molecular beams are
changed in time. It depends on vacuum conditions in ion
source and sample quality. The ToF spectrums at the
exit of AMS for graphite MPG and carbon fabric are
also shown in Fig.1 (lower curves). The mass is calcu-
lated from ToF channels with assumption that energy is
constant. The AMS system is tuned for radiocarbon
transmission. The molecular background of the mass-14
is suppressed by the destruction process in the magne-
sium target and then filtered by tandem 180° bend. The
small mass-13 peak is also visible in the spectrum, but
the mass separation is good enough for radiocarbon
measurements. The carbon fabric is made of organic
materials. The radiocarbon isotope ratio of the modern
organic matter is about 10'* (**C/'*C). The intensity of
the radiocarbon in graphite MPG is about 500 times
lower than in carbon fabric. It is seen that the '“C peak
value in graphite MPG significantly exceeds the sensi-
tivity limit of BINP AMS facility. We plan to test other
brands of graphite for direct determination of present-
day sensitivity limit.
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Fig.2. The B3 current (Fig.3,a), “C3 counts
(Fig.3,b), and radiocarbon concentration (Fig.3,c)

for 10 carbon fabric samples

For radiocarbon concentration analysis, the number

of "C*" counts was normalized to the "*C*" current.

During the experiments, the ?C** ion current was meas-

ured one time of each 100s interval of radiocarbon
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counting. During switching between the isotopes, the
ions injection energy, low energy electrostatic correc-
tors and the high energy magnet settings are changed.
The “C ions current and "*C ions number are measured
twice for each sample, and then the sample is changed
by rotating the wheel with samples of the ion source.
Fig.2 shows the "*C*" current (see Fig2,a), “C*"
counts (see Fig.2,b), and measured radiocarbon concen-
tration (see Fig.2,c) for 10 carbon fabric samples are
measured alternately. This corresponds to a double
measurement of 10 samples within 7 sample wheel
revolutions. The measurement time was 5.7 hours. The
samples were degased at 350°C for 3 hours to reduce
surface contamination. As seen from the Fig.2,a, current
is not much change from sample to sample and with
time. The number of counts is changed at Fig.2,b due to
statistical fluctuations. The statistical uncertainty of
radiocarbon concentration is shown at Fig.2,c by error
bars. The mean statistical uncertainty of each measure-
ment is about 6%.
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Fig.3. Radiocarbon concentration in ten modern
samples (carbon fabric)
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The radiocarbon concentrations in 10 samples
computed from data in Fig.2 are presented at Fig.3. The
value 1 on the vertical axis corresponds to the mean
concentration value of all measurements. The statistical
uncertainty of radiocarbon registration is about 1.5 %
(shown by error bars).

The same data as at Fig.3, but after an additional set
of statistics are presented at Fig.4. It is seen, that the
scatter in the data decreases with the decrease of statis-
tical error. The final results of all ten samples are in
agreement with average value within the 1 % ranges.
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Fig.4. Radiocarbon concentration in ten modern

samples (carbon fabric) after an additional set
of statistics

SUMMARY

The accelerator complex has demonstrated the sus-
tained performance on 1MV running. The reproducibil-
ity of radiocarbon concentration measurements is about
1 %. The measured radiocarbon concentration in “dead”
sample is about 0.2 % of the modern sample concentra-
tion.
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PA3BUTHUE KOMIIVIEKCA YMC Usi® B IIKII CO PAH

C.A. Pacmuczees, A.P. ®ponos, A./l. I'onuapos, B.®. Knioes, E.C. Koncmanmunos,
JI.A. Kymnakoea, B.B. Ilapxomuyk, A.B. Ilempoxcuykuii

Cosznannsiii B USI® yckoputenbHbIil Macc-criekTpomerp yctanoBiieH B LIKII «I'eoxpoHonorus kKaitHO305» s
naTHpoBanus o6pasios 1o uzotomy ‘C. [IpencTaBiIeHbl TeKyllee cocTosHue Kommiekca YMC H pe3ysbTaThl dKc-
MEPUMEHTOB 10 U3MEPEHUIO KOHLIEHTPALUK PAJUOYIIepoaa B TECTOBBIX 0Opa3lax.

PO3BUTOK KOMILVIEKCY YM3 Is1® B IIKII CO PAH

C.A. Pacmizees, A.P. @ponoe, A./] I'onuapos, B.®D. Kniocs, €.C. Koncmanmunoa,
JI.A. Kymnusaxkoea, B.B. Ilapxomuyk, A.B. Ilemposcuybkuii

CrBopenuii y [51® npuckoproBanbanil Mac-criekTpomeTp BcranoBieHO B LIKIT «I'eoxpoHosorist KaliHO3010» ISt
JATyBaHHs 3pa3KiB 1o i3otomy '*C. IIpejcTaBiIeHo NOTOUHMI cTaH KoMiuiekcy YM3 i pe3yabTaTi eKCIIepHMEHTIB 3
BHMIPIOBaHHS KOHIICHTpALii pagioByIJICLIO B TECTOBHUX 3pa3Kax.
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