
u n i ve r s i t y  o f  co pe n h ag e n  

A new AMS facility in Caserta/Italy

Terrasi, Filippo; Rubino, Mauro

Published in:
Nuclear Instruments and Methods in Physics Reseach B

DOI:
10.1016/j.nimb.2007.01.139

Publication date:
2007

Document version
Publisher's PDF, also known as Version of record

Citation for published version (APA):
Terrasi, F., & Rubino, M. (2007). A new AMS facility in Caserta/Italy. Nuclear Instruments and Methods in
Physics Reseach B, 259. https://doi.org/10.1016/j.nimb.2007.01.139

Download date: 22. maj. 2023

https://doi.org/10.1016/j.nimb.2007.01.139
https://curis.ku.dk/portal/da/publications/a-new-ams-facility-in-casertaitaly(59ee76b0-e918-11dd-bf70-000ea68e967b).html
https://doi.org/10.1016/j.nimb.2007.01.139


www.elsevier.com/locate/nimb

Nuclear Instruments and Methods in Physics Research B 259 (2007) 14–17

NIMB
Beam Interactions

with Materials & Atoms
A new AMS facility in Caserta/Italy

F. Terrasi a,*, D. Rogalla a, N. De Cesare b, A. D’Onofrio a, C. Lubritto a, F. Marzaioli a,
I. Passariello a, M. Rubino a, C. Sabbarese a, G. Casa a, A. Palmieri a, L. Gialanella c,

G. Imbriani c, V. Roca c, M. Romano c, M. Sundquist d, R. Loger d

a Dipartimento di Scienze Ambientali, Seconda Università di Napoli, Via Vivaldi, 43 Caserta, Italy
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Abstract

A new AMS system has been installed at Center for Isotopic Research on Cultural and Environmental Heritage (CIRCE) in Caserta/
Italy. It was built by National Electrostatics Corp. Middleton, WI/USA, and arrived at CIRCE in the middle of January 2005; the instal-
lation and the acceptance tests were completed at the end of February 2005. At first, the system is intended for Radiocarbon AMS; for
future Al and Be AMS only minor upgrades are needed and the magnets are designed to bend heavy isotopes like Uranium. Concerning
Radiocarbon AMS, the first measurements of unknown samples, prepared in the internal preparation laboratory, already yielded results
of high precision and 14C dating is in full swing.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

A new AMS facility has been installed at Center for Iso-
topic Research on Cultural and Environmental Heritage
(CIRCE) for the Dipartimento di Scienze Ambientali, Sec-
onda Università di Napoli in Caserta/Italy. It is part of the
‘‘Competence Center for the Development and Transfer of
Innovation applied to the Environmental and Cultural
Heritage’’ of the Campania Region. CIRCE hosts several
laboratories featuring sample preparation, isotope ratio
mass spectrometry, environmental radioactivity and other
analytical equipment for several applications to the diag-
0168-583X/$ - see front matter � 2007 Elsevier B.V. All rights reserved.
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nostics of terrestrial environment, natural ecosystems,
archaeological finds, artistic masterpieces.

The AMS system arrived at CIRCE middle of January
2005. The installation was completed middle of February
2005. The acceptance tests were performed end of February
2005 and included stability, intensity and isotopic ratio
measurements. All the results matched the specifications,
i.e. voltage stability better than 1 kV FWHM at 3 MV ter-
minal voltage, with a ripple better than 1 kV FWHM; ana-
lyzed 3+ 12C and 127I currents P30 and 10 electrical lA,
respectively; precision of 14C/12C isotopic ratio <0.3%,
with a background <5 · 10�16 at 10�12, and <0.2% for
13C/12C.

The AMS system, based on the 9SDH-2 Pelletron accel-
erator, was built by National Electrostatics Corp., Middle-
ton, WI (USA). In the present paper we describe the layout
of the facility and report on the results obtained in the first
few months of operation.
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2. System description

The layout of the AMS system, similar to others
installed in the past years in Europe [1,2] and USA [3], is
shown in Fig. 1.

The cesium sputter ion source [4] is a 40-sample MCS-
NICS normally biased at �61 kV. A typical output from
a 1 mm diameter sample pressed in Al cathodes for 12C�

ions is 30 lA at 6 kV probe voltage and a total injection
energy of 67 keV.

A spherical electrostatic analyzer (q = 30 cm, plates
gap = 5 cm) cuts the sputter high energy tail of the beam,
with a bending angle of ±45�. The ESA can be rotated in
view of the installation of a second ion source.

The 90� double focusing LE magnet (q = 0.457 m, vac-
uum gap = 38 mm, ME/Z2 = 15) allows high resolution
mass analysis for all stable isotopes in the periodic table.
The insulated stainless steel chamber can be biased up to
15 kV for beam sequencing. Typical injection times for
14C AMS are 350 ls for mass 12, 850 ls for mass 13, and
100 ms for mass 14.12C and 13C currents in the LE side
Faraday cup are integrated for 0.1 ms and 8 ms, while
injecting mass 13 and mass 14, respectively.

The NEC 9SDH-2 Pelletron accelerator is housed in a
lead-shielded steel tank filled with SF6 at �85 psig. Two
Pelletron chains are used in the charging system; about
100 lA are delivered to the terminal for operation at
3 MV. For 14C AMS the accelerator is operated at
2.55 MV, using the 3+ charge state; typical ripple, as mea-
sured by a capacitive pick off, is 0.7 kV peak-to-peak. Sta-
bilization is achieved by GVM feedback on the charging
system high voltage supply; the long term stability, over
about 24 h needed for a batch of 40 samples, is better than
Fig. 1. Layout of the AMS system. (1) ion source; (2) electrostatic analyzer; (
offset Faraday cups; (7) ionization chamber.
1 kV peak-to-peak. In the stripper, Ar is recirculated by
two turbo-pumps; the working pressure is about
1.3 · 10�2 mbar. During 8 months of operation no tank
opening was needed.

The double focusing 90� HE bending magnet has
q = 1.27 m, ME/Z2 = 176 and M/DM = 725, so that, e.g.
236U5+ at 3 MV can be analyzed with a beam spot size of
3.5 mm. For 14C AMS, 12C and 13C charges are measured
via two off-set Faraday cups and high-precision current
integrators, typically for 0.25 and 0.8 ms per cycle.

The two 45� electrostatic spherical analyzers (q = 2.54 m
and gap = 3 cm) are operated at ±40 kV; energy resolution
is E/DE = 700. The isotopic contamination is suppressed so
that virtually 0 counts are observed out of the 14C ROI.

The four-anode ionization chamber, filled with P10 mix-
ture at p = 67 mbar, as well as most of the set up and con-
trol of the entire system, is handled by the AccelNet
computer based system via CAMAC interfaces or
Ethernet.

To fit the AMS system potentiality major modifications
and new implementations to the sample preparation lines
have been performed.

3. Performance tests

After the acceptance tests several measurements have
been carried out in order to characterize the performances
of the system. Beam transmission through the accelerator
was measured for all charge states, using 12C ions at
2.55 MV and a gas stripper pressure of 1.3 · 10�2 mbar,
which was found to be in the equilibrium charge state
regime. The measured transmission summed over all
charge states yielded a value of (99 ± 2)%. Changing all
3) bending magnet; (4) accelerator; (5) electrostatic quadrupole triplet; (6)
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Fig. 3. Histograms (dashed lines) of the variables (a) D(pMC), (b)
D(d13C), compared with the standard normal distribution (full lines). See
text for details.
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relevant parameters around the optimum tuning values, a
flat top transmission was found: Fig. 2 shows, as an exam-
ple, the results for the LE bending magnet.

Mass spectra after low-energy magnetic analysis were
measured using (a) an empty Al cathode; (b) a cathode in
which the untreated blank graphite is pressed; (c) one with
the graphitized blank sample treated with the usual proce-
dure [5]. The peaks associated with sputtering of the empty
cathode (Al�, AlH�, AlH�2 and AlO�) have much lower
intensity than the peaks arising from graphite sputtering.
Moreover, the untreated and blank spectra are virtually
identical, showing that the treatment procedure does not
introduce sizeable amounts of impurities.

The measured 14C/12C ratios for the untreated and
treated blank samples are, on the average, (1.9 ± 0.2)
10�16 and (0.19 ± 0.01) pMC, corresponding respectively
to � 69,000 and �50,000 BP.

Since March 2005 several control samples with known
isotopic ratios have been included in each wheel together
with unknown samples. The weighted average of the 14C
pMC values measured for each standard in each batch
(after background subtraction, normalization to the work-
ing standard and fractionation correction) have been com-
pared with the nominal values. The same was done for the
d13C values measured online. The differences between the
experimental and nominal values, D(pMC) in % and
D(d13C) in &, were calculated, together with the error bars
resulting from the propagation of statistical uncertainties.
The deviations D(pMC) are distributed around the value
of 0.05% with a standard deviation of 0.63%. The devia-
tions D(d13C) are distributed around the value of 0.6& with
a standard deviation of 3&. A negative correlation
between the two variables arises from the fractionation cor-
rection and confirms the consistency of the analysis
procedure.

Two new dimensionless variables have been defined as

Z ¼
ðxÞmeas � ðxÞnom

� �
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Fig. 2. Flat top transmission of the LE magnet: the analyzed 13C3+

current in particle-lA is plotted versus the LE magnet field setting.
where x represents the variable D(pMC) or D(d13C), the
subscripts meas and nom refer to measured and nominal
values, respectively, and r are the statistical uncertainties.
The two variables are expected to follow the standard nor-
mal distribution if the systematic errors are negligible with
respect to statistical uncertainties and if the latter are well
estimated [6].

The histograms of the two variables are plotted in
Fig. 3(a) and (b), respectively, together with the theoretical
distribution of the normal standard variable. The means
(0.07 and 0.2) and the standard deviations (0.95 and 1.8)
for the z variables show no bias for both but an underesti-
mation of the error for the d13C.

4. Conclusions

The CIRCE AMS system has been installed, tested and
put in routine operation in a very short time. The perfor-
mances of the system, as evaluated in the first measure-
ments and on the basis of the first few months of
operation, show that high-precision 14C AMS can be done
at state-of-the-art level.
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Future projects include 10Be and 26Al AMS with the
present layout and the installation of a switching magnet
aiming to establish beam line extensions dedicated to differ-
ent ions AMS, and a time of flight system for actinides
AMS.
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