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Abstract

Some interferences are often encountered in accelerator mass spectrometry (AMS) measurements, espe-

cially for medium-heavy nuclide measurement. It is difficult for online discrimination of the nuclide of interest from

the interfering ones. In order to solve this problem, we developed a method to simulate the experimental spectra of

medium-heavy nuclides in AMS measurements. The results obtained from this method are in good agreement with

experimental values.
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1 Introduction

Accelerator mass spectrometry (AMS) is an ul-
tra-sensitive technique for isotopic analysis. AMS
method was developed rapidly for the measurement of
long-lived natural radioisotopes in 1970's!"*. AMS
has now become a powerful and sophisticated ana-
lytical tool and been applied widely.

The sensitivity of AMS is mainly limited by the
interferences from isobars, isotopes and other back-
grounds. These backgrounds cannot be removed com-
pletely before they enter into the detector under exist-
ing experimental conditions. So it is difficult to dis-
criminate the nuclides of interest from the interfer-
ences online in the experimental spectra, especially in
the measurement of medium-heavy nuclides with high
backgrounds. In the measurements of **’Pu and "**Hf
performed by Fifield et al B)'and Vockenhuber et al™!
respectively, the high backgrounds caused major dif-
ficulties in spectrum analysis. The same problem ex-
isted in our measurement of **Tc!!. In order to solve
this problem, a method was developed to simulate the

experimental spectra of medium-heavy nuclides in
AMS measurements. The method can produce a spec-
trum by considering all kinds of interferences in ex-
periments. The nuclides can be easily discriminated by
comparing the calculated spectra with the experimen-
tal ones.

2 Experimental method

The study based on the AMS facility at the China
Institute of Atomic Energy (CIAE) includes three as-
pects: (1) to analyze the possible interference sources
in AMS measurements, (2) to remove and discrimi-
nate the interference, and (3) to design the program.

2.1  Sourceof interferences

In the ion source, the negative ion beam is gener-
ated from the target material under investigation. Be-
sides the interested nuclide, isobars, isotopes and
some molecular ions can also be extracted simultane-
ously. The interference ions come from: (1) the target
material, and(2) the residual gas in the target or the
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ion source, such as carbon, nitrogen, and oxygen.
These ions may become interferences in the meas-
urement if they pass through the injector system and
the high energy analyzer. Therewith, molecular ions
can be broken into fragments when they pass through
the stripper (gas or foil). These molecular fragments
are the important sources of the continuous momen-
tum spectrum.

The abundant isotopes from the molecular frag-
ments and the continuous momentum from the scat-
tering and charge exchange were suppressed in the
high-energy analyzer. For example, if '*C ion with a
charge state of 3" is selected, a potential interference
is °C from "*CH since "CH has the same mass as '*C.
After stripping, Bc may have various charge states,
some “C*" scattered by the gas of tube may change
their charge states and energies. The energies of ions
are dependent on the position of scattering, which re-
sults in a continuous momentum. Besides the charge
changing process, some excitated molecular fragments
and ions may decay in the accelerating process, which
makes another source of continuous momentum.

2.2 Removal and discrimination of interferences

The AMS facility at the CIAE consists of ion
source, injector system, tandem accelerator, magnetic
analyzer, electrostatic deflector and detectors.

Since isobaric ions have the same mass with the
measured nuclide, the removal and discrimination of
isobaric ions are dependent on ion source and various
detectors. Isotopic backgrounds and molecular inter-
ferences are reduced by a sequence of high-resolution
momentum, energy or velocity selectors.

After extraction from the ion source, the ions are
analyzed with a magnetic spectrometer to choose the
ion mass. In tandem accelerator, negative ions are in-
jected and then accelerated to the positive voltage
terminal. Then, several electrons are removed in a
stripper and the positively charged ions are further
accelerated to the ground potential. Molecular ions are
dissociated during stripping in the high-voltage ter-
minal. Passing through the accelerator, the ion beam
consists of various components with different charge
states and different energies. High energy magnetic
analyzer selecting the ions with the same ME/qQ” sup-
presses some interferences. An electrostatic deflector

is used for selecting the ions with the same E/g. At last,
jons with the same ME/q® and E/q as the interested
ions enter into the detector.

Usually, AE-E method and time of flight (TOF)
method are used to identify the ions, which have
passed through the electrostatic deflector. The AE-E
method is based on that the isobaric ions have differ-
ent energy losses and different residual energies in the
gas counter. For example, the method is used to dis-
criminate *°Cl and *°S. The method is more effective
for the light ions (Z<20) with normal tandem accel-
erator. On the other hand, TOF method is very effec-
tive for heavy ions’ identification in AMS measure-
ments. It is based on that the isotopes with different

masses have different time of flight. For example, '*’I

127

and 'l can be discriminated by the method.

2.3  Program design

After analyzing the sources and the removal
process of backgrounds, the simulating program for
experimental spectra can be designed. It includes
background discrimination, calculation of the values
of energy loss or time of flight and then the calculated
spectra are obtained.

24  Discrimination of possible interferences

Most of the unwanted particles are removed by
the inject system, high energy analyzer and electro-
static deflector, only the particles with the same ME/q’
and E/q as the interested ions can enter into the detec-
tor.

Input parameters of the program include: (1) de-
tailed experimental conditions (M;: extract mass; My:
interested ion mass; Qo: charge state; Vp: accelerator
terminal voltage), (2) parameters of the inject system
(mass resolution and M), (3) magnetic field parame-
ter of high energy magnetic analyzer (ME/Q’), and (4)
electric field parameter of electrostatic deflector (E/q).

The program consists of the following aspects.
First, calculating the energy (Eg), magnetic field pa-
rameter (Cy) and electric field parameter (J;) of the
interested ions. Second, determining masses of the
particles generated in the ion source satisfying
M,/(M,-Mg)= 80 or not, which are determined by the
mass resolution of the inject system. Third, calculating
the magnetic field parameter (C) and electric field
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parameter (J) of the particles passing through the in-
ject magnetic analyzer; and then determining the con-
ditions for the particles passing through the high en-
ergy magnetic analyzer and electrostatic deflector re-
spectively, namely, |r;-1|< 0.01 and |r,-1|< 0.005 with
ri=C/Cy and r,=J/Jyp, which are determined by the
resolution of the instruments. Finally, obtaining the

mass (M), charge state (q), and total energy (Er) of
ions entering into the detector. The flow chart of the
program was demonstrated in Fig.1, where M, is the
mass of ions or molecular ions, which consist of less
than three atoms, X is a parameter depending on the
mass resolution of the inject magnetic analyzer and
M;.

Input Mo,M140,Vy~"

Eg=(Mg/M1)"(Vp+ W) +q0™ VT
Co=(Mo*EoYar’
Jo=Eo/q0

Mo=1, My+X

IMy/(Mp-Mp) | =807
orMy=M4-1

Store in file.dat

utput the ion numbers (n) o
compose and the mass
number of the interference,
in each compose

Output the mass
——
number in file.dat

}

nn=1,n

l

q=1,int(My /2)+]

E=(MIMy+q) (VoW )+ ¢* W
C=(M*E)Idf
J=Elq

Fig.l The flow chart of the program for discriminating the possible backgrounds.

3 Reaults

The theoretical spectra based on AE-E detector
and TOF detector could be obtained by the program.
The procedure of spectrum simulation with the AE-E
detector was illuminated as follows.

For a given gas pressure and a length of each
anode of the multi-anode detector, the energy loss
values of the particles entering into the detectors can

241
Am are used for

be calculated. Alpha particles from
energy calibration of the detectors. Fig.2 gives a flow
chart of the calculation.

By inputting the calculated values of energy
residual simulated sin-

losses and energy the

gle-dimensional and two-dimensional spectra can be
obtained.

The method has been applied in the AMS ex-
periments (e.g. °Al, *°Cl, *'Ca and *Tc). All the tests
indicate that the calculated values are in good agree-
ment with the experimental results, and some previ-
ously unknown nuclides have been identified. As an
example, the simulation results for *'Ca are given be-
low, in comparison with the experimental values.

In the measurement of 41Ca, CaHj; was extracted
from the ion source. The ions were accelerated with a
terminal voltage of 7.8 MV. After stripping, Ca®" ions
were selected and transmitted to the detector. A
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multi-anode gas ionization chamber detector was in-
stalled for final ion identification. The ionization
chamber with a 2 uym Mylar foil window was filled
with 13 kPa P10 gas (90% argon plus 10% methane).
The calculated values given in Table 1 indicates that
the differences of relevant parameters of 3 IP, 41K, 369
and *'Ca are very small, so that 31P, K and **S can
pass the high energy analyzer and electrostatic deflec-

tor and become the possible interferences. Fig.3 (a)
and Fig.3 (b) give the calculated and experimental
spectra of *'Ca, respectively. The uncertainty between
the experimental spectrum and the calculated one is
less than 2% and 3%, respectively. Comparing Fig.3
(a) with Fig.3 (b), the position of *'Ca and the inter-
ferences in the experimental spectra can be easily
identified.

Anodes' lenath of th The calculated values { mass,
mn(?t.es and to t j charge state, and total energy) Gas pressure
ulti-anode detector of the possible particles that in the detector

enter into the detector

Trim program

Energy calibration The calculated energy ;
by alpha particles values of the particles ]
C i

Peak position of the energy loss
signals in the calculated spectrum

Fig.2 The flow chart of calculating energy loss and peak position.
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Fig.3 Comparison between experimental spectrum (a) and calculated one (b).

Tablel Calculated values for the ions which maybe enter
into the detector

Particle q E (MeV) ME/q2 E/q mq
4Ca 8" 69.788 44.708 8.724 5.13
K 8" 69.788 44.708 8.724 5.13
365 7" 60.853 44708 8.693 5.14
31p 6" 51918 44707 8.653 5.17

There are three interferences (*'P, *°S and *'K) in
the calculated spectrum. *'P does not appear in the
experimental spectrum, because differences of the
values of ME/q* and E/q between *'P and *'Ca are
larger than those between *'P and other two interfer-
ences. The other reason is that the concentrations of
*'P in the target material, may be relatively small.
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4 Conclusions

Judging whether the calculated spectra are in
good agreement with the experimental ones should
consider two factors. First, the calculated spectra can
present all the nuclides existing in the experimental
spectra. Second, the relative positions of the nuclides
in the calculated spectra are almost the same as the
experimental ones.

The calculated values and simulated spectra ob-
tained before the experiment can be used to discrimi-
nate the particles in the experimental spectra. The
method can shorten the beam time and save the man-
power and material resources. The method can also
provide the optimized conditions of the experiment,
and is suitable for all the particle’s measurement at the
CIAE HI-13 AMS system. For other AMS systems
having different analyzer and different resolution, one
should adjust the relevant magnetic and electric field

parameters according to the analyzer resolution in
order to apply the method more effectively.
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