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Abstract. Accelerator Mass Spectrometry is a technique commonly used to approach low concentrations of
certain long half-life radioisotopes. The most important contribution of the technique is the accurate measure
of organic sample ages, by separating masses 12,13 and 14 in the case of carbon allocated in such samples.
However, the reach of AMS could cover many other scientific scopes, since it can give us a precise measure
of a very small concentration of a radioisotope. On this direction, AMS can be used to approach reactions of
interest for astrophysics, if we spot an specific radioisotope which concentration can be measure with AMS.
Starting with this, we have selected specific reactions involving 14C, 10Be and 26Al, produced with slow neutrons
from a reactor and positive ions at an accelerator. The main idea is to produce a particular reaction and later
to measure the radioisotopic concentration using AMS. In this study our first results for 14C and 10Be nuclei
produced with neutrons, and the preliminary results for 26Al nuclei produced with deuterium are shown.

1 Introduction

Most of times, to approach a good measurement of an spe-
cific nuclear reaction, particularly those important for as-
trophysics, is a di� cult task. The energy range, the spe-
cific nuclei and the low cross sections are typical problems
which currently appear for this kind of experimental stud-
ies. Underground accelerators, compact accelerator-based
neutron sources and indirect techniques are the main so-
lutions to develop an important amount of interesting re-
actions. Several studies have been carried out using these
kind of methods [1–9].
Nevertheless it is always important to find alternative solu-
tions, considering the big importance of the understanding
of certain reactions with di� cult access and essential for a
better description of stellar and primordial nucleosynthe-
sis. On this direction, we started 5 years ago a campaign
of measurements to test the capabilities of the Accelerator
Mass Spectrometry technique (AMS) as a possible tool to
approach specific reactions in a direct way. The proposal
of this technique starts with the fact that it may give an ac-
curate value of the radioisotopic concentration contained
in a certain sample; if such radioisotope is a product of an
interesting reaction, this concentration is then directly re-
lated to the total cross section of the reaction selected.
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The main constrain of the use of AMS as a technique to
find a particular reaction cross section is that it can be used
only for a number of radioisotopes, which main character-
istic is to have a long half-life. Some examples are 10Be,
14C, 26Al, 36Cl and 129I radioisotopes, whose half-lifes are
among the thousands and millions of years. Another im-
portant issue to consider when AMS is used, is to have
a good radiochemical protocol to isolate the correct com-
pound that can be studied with this technique. This im-
portant step is probably the main key to have a good and
precise measurement.
An aspect not directly related to the AMS technique, but
the first step to start this kind of studies, is the reaction pro-
duction. We have to find the way to produce the reaction
that we are planning to study. This implies to choose a tar-
get, a projectile and an energy range. The projectile may
be produced, as usual, using some kind of particle acceler-
ator. A good alternative studied in this work, is to use ther-
mal neutrons from a research reactor. On the other hand,
the targets must be carefully chosen, considering they have
to be suitable to be radiochemically processed to achieve
the isolation of the final compound which can be studied
with AMS.
In the following sections the di� erent reactions studied,
the facilities used and the results achieved will be de-
scribed.
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2 Candidate reactions

To select the possible reactions feasible to be studied with
AMS, we have to base them in the radioisotopes that can
be measured in our AMS facility. 10Be, 14C and 26Al are
radioisotopes well characterized and previously measured
in our Mass Spectrometer. On that way, the 14N(n,p)14C
reaction is a feasible one, if we consider it can be pro-
duced with thermal neutrons. Its cross section is large and
well known, hence it is a good candidate reaction to test
the technique proposed [10, 11].
Another reaction involving thermal neutrons which is just
known by indirect measurements in the 9Be(n,γ)10Be re-
action. This later reaction is important to complete for
instance the knowledge regarding the primordial and star
synthesis of light elements [12, 13].
In the case of possible reactions produced with beam par-
ticles we found two interesting ones involving 26Al: the
28Si(d,α)26Al reaction at low energies could be a possible
answer to the anomalous amount of 26Mg found in me-
teorites [14]; on the other hand the 25Mg(p,γ)26Al is one
of the important reactions in the stellar evolution, and the
production of 26Al found with the existing models still dis-
agree the 26Al observed by its gamma decay [15, 16].

3 Facilities

There is a tradition of 40 years in the Ion Beam Analysis
studies by using the di� erent Mexican accelerators. In
that sense, for our present studies it was easy to find
low energy beams with high intensities. That is the case
of the 5.5 MV Van de Graa� Accelerator [17] (Fig 1
left) of the Carlos Graef Fernández Laboratory (Physics
Institute, UNAM) and the 6 MV Tandem Van de Graa�
Accelerator [18] (Fig 1 center) of the National Institute of
Nuclear Research (ININ). Both facilities may produces
high intensity deuterium beams at energies from 0.8 till
4.5 MeV. These beams were used to produce our 26Al
reactions.
On the other hand, we started to explore the possibilities to
use the TRIGA Mark III (Fig 1 right) research reactor [19]
also at ININ, which is currently used just for chemical
studies and analytical techniques using neutrons. The low
energy neutrons (� 25 meV) produced by this facility
(fluxes of thermal neutrons of up to 3.3 � 1013 n/cm2s)
are suitable to approach astrophysical neutron capture
reactions. Starting with this, we tested the 10Be and
14C reactions chosen for our studies using the facility
described.

For the AMS measurement we used the 1 MV Tande-
tron accelerator of the Accelerator Mass Spectrometry Na-
tional Laboratory (LEMA, for their meaning in Spanish)
of the Physics Institute, UNAM. This is the most recent
accelerator in Mexico (it was inaugurated on 2013) and is
well calibrated to discriminate radionuclei from its simile
stable ones in a ratio of 1 � 10� 15 [20]. This high precision
makes to LEMA an ideal tool to explore reactions with
small cross sections.

4 Targets

The target selection is probably the most important thing
for this kind of studies, considering they have to be used
as cathodes (to use AMS technique), once the reaction
was produced. For our first attempts to produce 26Al
with deuterium beams we use a combination of silicon
and aluminum powder (50-50), inserted directly in one
of the cylinders which are used as part of a cathode for
the AMS system. Unfortunately, as it has shown in the
RBS spectrum of the Fig. 3a, the area facing the beam is
small enough to loss most of the beam (which is mostly
hitting on copper, the material of the cylindrical container)
[21, 22]. This problem was solved a couple of years later,
by using a silicon wafer target with a size 10 times larger
than the LEMA cylinder used as cathode (see spectrum of
Fig. 3b). It is important to mention that this solution im-
plies a radiochemical separation, which was not consider
in the first test. Nevertheless, the radiochemical process
to disintegrate the silicon wafer was previously tested and
proved, finding totally acceptable results.

On the other hand, for thermal neutron reactions the
following target were used: For the 14C reaction we used
uracil (C4H4N2O2), a well-known material with a good
amount of nitrogen, enough for our experimental proposal;
in the case of 10Be reaction, BeO samples were chem-
ically prepared separating this compound from 8 ml of
Be standard solution (Beryllium ICP Standard Solution,
Be4O(C2H3O2)6, 1000 mg/l Be Merck), which is currently
used either as carrier or blank in AMS studies.

5 Experimental results.

5.1 28Si(d,α)26Al reaction.

In our first attempt to produce 26Al by means of
28Si(d,α)26Al reaction, we used deuterium beams at di� er-
ent energies starting from 1 MeV till 2 MeV. Considering
we used a copper cylinder with a small area as target, we
lost around 80% of the beam for most of the samples.
This situation taken us to measure extremely small total
cross sections (of the order of µb), making questionable
our methodology (a more detailed description can be
consulted in [21, 22]).
For such reason we decided to make a second test, but
this time using a silicon wafer as target, starting from
1 MeV till 4.8 MeV deuterium energies. The results of
this new measurement were very promising, considering
we achieved much larger 26Al currents, once AMS was
employed. The plot of the Fig. 4 shows a very stable
26Al/27Al ratio of around 5.9 � 10� 10, at least three orders
of magnitud larger that in the first measurement. The
same figure shows one of the � E-E spectra obtained with
these samples, in which a clean and well-defined spot of
26Al counts can be observed. A deep description of this
preliminar study can be found in [23].

In spite the good results achieved in this second at-
tempt, some modifications to our setup are necessary, con-
sidering the measure of the beam current impinging the
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Figure 1. Mexican facilities used for the irradiation stage of the present studies. Left: 5.5 MV Van de Graa� Accelerator, Carlos Graef
Fernández Laboratory, IFUNAM, Mexico. Center: 6 MV Tandem Van de Graa� Accelerator and Right: TRIGA Mark III Research
reactor, both from the National Institute of Nuclear Research, Mexico.

Figure 2. 1 MV Tandetron of the Accelerator Mass Spectrometry
National Laboratory, LEMA IFUNAM, Mexico, which was used
for the AMS stage of the present studies.

target has to be achieved with a better precision, since we
observed instabilities during the data taking. A most pre-
cise measurement is programmed in the coming months.

5.2 14N(n,p)14C reaction.

In order to test a good protocol for thermal neutron cap-
ture reaction measurements using the technique proposed,
the 14N(n,p)14C reaction was produced in the TRIGA III
research reactor before mentioned, using the highest flux
of thermal neutrons for 20 seconds in two di� erent sam-
ples (targets) of uracil. An example of the � E-E spec-
tra achieved with AMS is shown in Fig. 5, where the 14C
events can be well separated from other beams produced
from the sample irradiated. After the analysis of the 14C
concentrations obtained, our data gave a total cross section
for 14N(n,p)14C of 2.07 � 0.37 b, which is in good agree-
ment with other results reported in the literature [10, 11],

demonstrating the e� ectiveness of the method used. A
more detailed description of this measurement can be con-
sulted in [24].

5.3 9Be(n,γ)10Be reaction.

Regarding 10Be reaction, it was also produced by using
thermal neutrons from the TRIGA III research reactor. In
this case a thermal neutron flux of 2.3� 1013 n/cm2s in BeO
samples was used for periods of 30 minutes and 2 hours.
Fig. 6 shows a typical � E-E spectrum obtained with the
AMS system for the BeO samples irradiated. In the spec-
trum is easy to observe by eye, the separation among 10Be
and 10B, its isobar. Once the analysis of the data achieved
was performed, we obtained a value for the total cross sec-
tion of the 9Be(n,γ)10Be reaction of 9.7 � 0.53 mb. This
value is in acceptable agreement with previous measure-
ments found in the literature [11, 25], nevertheless it is im-
portant to remark that ours is the first direct measurement
reported. This last aspect makes even more valuable the
technique used, considering the possibility to obtain direct
measurements for complicated reactions. More details of
this study can be consulted in [24].

6 Conclusions and perspectives.

Taking advantages of low energy accelerators, a research
reactor and a AMS system, all of them Mexican facilities,
we could develop a campaign of measurements of di� erent
nuclear reactions, most of them important in astrophysics
and not previously measured in a direct way. The method
has three stages: sample irradiation, radiochemical prepa-
ration and AMS analysis. The final result of this combina-
tion may decant in the measure of a total cross section of
the initial reaction selected.
We presented in this work a review of our first
measurements regarding 28Si(d,α)26Al, 14N(n,p)14C and
9Be(n,γ)10Be reactions. The first case is still in progress
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Figure 3. Rutherford Back Scattering (RBS) spectra for two di� erent approaches to the 26Al reaction. The spectra show the di� erent
components where the deuterium beam is hitting. In (a) we use a small size cylinder facing the beam, then most of the beam was
scattered by copper, which explains the large step of Cu in the spectrum (taken from [22]). A better situation is presented in (b) where
a larger Si target was used. In this last, the beam scattered by silicon is much more notorious, indicating that most of the beam is been
used to produce the reaction of interest.

Figure 4. Some results achieved for the counting of 26Al us-
ing AMS. On top the 26Al/27Al ratio for 4.6 MeV. The � E-E
spectrum on bottom figure shows exclusive 26Al events produced
from one of the targets irradiated with deuterium.

showing promising results till this moment; for the second
and third cases we obtained total reaction cross sections
which are in a good agreement with other data found in
the literature. The case of the 10Be reaction is special, con-
sidering the reaction studied was not directly measured in
previous studies, showing thus, the importance of the ex-
perimental method used in this work.
For further studies, and once we proved the e� ectiveness
of the method, we plan to obtained the total cross sections
for di� erent energies of the 28Si(d,α)26Al reaction, as well
as to revisit the 25Mg(p,γ)26Al, which was previously stud-
ied with the same technique [16] and some others, show-

Figure 5. � E-E spectrum coming from uracil target after the neu-
tron irradiation to produce 14C. Enclosed in red the 14C events,
which are well separated from 7Li2 molecule.

ing some discrepancies around 400 keV, according to that
found in the literature. This last reaction is now possible
at LEMA facility thanks to its recent new beam line [26],
where intense proton beams at low energies can be pro-
duced.
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