OPERATION AND DEVELOPMENT
OF THE BINP AMS FACILITY

S.A. Rastigeev , A.R Frolov, A.D. Goncharov,
V.F. Klyuev, E.S. Konstantinov, L.A. Kutnykova,
V. V. Parkhomchuk, A.V. Petrozhitskii,

BINP, Novosibirsk, Russia.



BINP AMS facility purpose

The AMS 1s mainly dedicated for radiocarbon dating of
archaeological and geological samples,

for biomedical, environmental and climatological applications
by measurements

of the ratio between carbon isotopes.

AMS can be used for many others applications.
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AMS method

based on the direct rare 1sotope counting

he 10n extraction from the sample
he rejection of the primary 1sotopes
he beam acceleration

he rejection of the isobaric 10ns

he rare 1sotope counting

‘negative '“N ions not stable
e stripping destroys molecules



Atomic and molecular 1sobars of
radiocarbon

o 14N m/dm=84000

° 13CH, 2CH?  m/dm ~1000

(About 10 molecular isobars

for each negative radiocarbon 1on)

AMS facility solve 1sobar problems

‘negative '“N ions not stable
* stripping destroys molecules



RESIDUAL BACKGROUND
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Basic features of BINP AMS facility
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The ion energy selection just after molecular destruction = effective filtration of

the molecular fragments, because energy of fragments always less then ion
energy (at this moment).

The magnesium vapor target as a molecule destroyer = localized molecular
destruction

2D time of flight detector = accurate recognition of each ion



Nitrogen 1on background 1s effectively filtered in BINP AMS
(same mass as radiocarbon )
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time-of-flight detector

S

: MW I.ll-'hf'\r#"fr‘
12004 2
; -
r? 11004 i
. 1000 :
@] ¢ .
= 900 .
PCTIR A ttws phous  ANSALEMAC
800
I [ T [
33600 23700 23800 23900

=

E 10

é 8

=S 6

[&)

o 4

3

= 2

=0

23600 23700 23800 23900

Bpewms, ¢

1000

100

10

600 650 700 750 800 850 900

“dead” sample
graphite MPG
4 /1200 %1(-15

Modern sample
140/12C10-12



System for graphitization and samples prepared
by scientist from Catalyze Institute and NGU University
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For radiocarbon analysis, the samples with large content of carbon were used. The sample
preparation is needed for transformation of natural objects to such samples by combustion
and graphitization.

Sample burn in low pressure oxygen. Carbon from CO, precipitate on iron heated to 550-
650°C. Time required for this procedure about 4 hours. Then samples pressed at capsule for

measuring at AMS



Multi-cathode sputter 10n source

sputtered part
of the sample
2 mm

The sample 1n the 10n source sputtered
by cesium beam.

Sample wheel for 23 samples



Algorithm for measuring of the radiocarbon
concentration on BINP AMS

Now, the cycle of AMS-analysis of samples is represented as follows. For each sample, the 14C ions are
twice counted (20 seconds each) and twice the 13C currents are measured. After that, the samples wheel is
turned to the next sample for process repetition. Measuring of whole sample wheel (23 samples) takes
about 20 minutes. For a set of statistics the wheel are moving to the second turn, third, etc. Typically, the
measurement will take approximately 10 hours, with a statistical error of measurement for modern samples
of approximately 2%. Typically, the next day the cycle repeats. The data from different days are compared.
If they are within the statistical spread, the final result is given as a set of data for all measurements of these
samples. The process of isotope measuring and sample changing (wheel rotation) is fully automated. The

measured radiocarbon concentrations in samples are normalized to the radiocarbon concentration in carbon
fiber (1.045 PMC).



rel. units

Reproducibility of measurements
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Use AMS for radiocarbon dating  ancient fauna of
ST Novosibirsk region

Bison
Age 27000 £ 750 years
Cave lion
Age 25000 £ 800 years
Young Mammoth

Age 13300 £ 400 years



Radiocarbon age of peat deposits, depending
on the depth from surface level.
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Method micro dose

For investigation used 1/100 of nominal dose future drag
and less 100 microgramm.

« Traditionally AMS practice used about

100 nCurie=3700 Becquerel.

Russian limits for amount radioactive material
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STUDY OF TISSUE-SPECIFIC DISTRIBUTION OF () )

M]]GETHANOL IN MICE BY AMS ﬂ-;‘\‘ | _ \
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radiocarbon concentration

Use AMS for testing human

AMS tests for Helicobacter Pylor (400Bg/person)
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Use AMS for environmental studies
Radioactive contamination in Chelyabinsk region
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The radiocarbon concentration in the sample is 30 times greater the natural level




SUMMARY

 The BINP AMS with additional 10n selection
properties has demonstrated the good radiocarbon
1ons 1dentification.

* The process of AMS analysis was described.

 The BINB AMS i1s used for radiocarbon dating, and
more recently for biomedical applications.



