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In order to extend the available experimental databasehfoastrophysical-process, the cross
section measurements of th¥Ba(a, y)1%‘Ce and'3°Ba(a,n)'33Ce reactions are in progress. The
measurements are carried out using thin layers of evagbB#€Q; as target. Since the target
thickness enters directly into the calculation of the crasstions, the reliability of its determi-
nation is of crucial importance. Three different methodgehlaeen used to determine the target
thickness. Details of these experiments and the obtairsedtseare presented.
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1. Introduction

The astrophysicaj-process, as the main part of the more general p-processpsnsible
for the stellar production of the heavy, proton rich iso®jfraccessible to the neutron capture s-
and r-processes [1]. Modeling of tlygprocess takes into account a huge reaction network of tens
of thousands of reactions with the aim of reproducing thendbaces of the produced p-isotopes
observed in the Solar Systewrinduced reactions play the main role in the reaction nets;dout
other reactions, such as radiative captures are also eadlud

Due to the large number of reactions involved and the lackpéemental data thg-process
networks utilize theoretical reaction rates obtained dsity form cross section of the Hauser-
Feshbach statistical model calculation. Any uncertaintthie calculated cross sections will influ-
ence the resulting p-isotope abundances. The relatively medictive power of modemprocess
models can at least in part be attributed to incorrect reacttes [2]. Therefore, the measurement
of reaction cross sections relevant for faprocess is important to make the model calculations
more reliable.

It has been shown that the calculations are especiallytsents the rates of reactions involv-
ing a-particles [3, 4]. Moreover, these are the reactions whepermental data are almost com-
pletely missing [5]. Therefore, increasing experimentadreis devoted to the study af-induced
reactions. The next step in this systematic study is the mmeasent of the*°Ba(a, y)'3*Ce and
130Ba(a,n)t33Ce reaction cross sections which is currently under way etriktitute of Nuclear
Research (ATOMKI) in Debrecen, Hungary. In the present pape important aspect of the ex-
perimental procedure, the determination of the Ba targekiiess is detailed.

2. Preparation and characterization of the Ba targets

The abundance of th€°Ba isotope in natural Barium is very low, only 0.1%. Therefor
in order to measure the relatively low cross sections oftiBa(a, y)13*Ce and'*°Ba(a,n)'33Ce
reactions, isotopically enrichetf’Ba targets have to be used. Suppliers provide this isotope in
carbonate (BaCg) form, this compound has been used as the starting materighiiget prepa-
ration. The targets have been prepared by vacuum evapoaito thin (2um) Al foil backings.
130BaCO; powder has been placed into a Ta crucible heated by AC curféwt Al foil backings
were positioned about 5 cm above the crucible. So far nigetahave been prepared and used for
Cross section measurements.

Itis known that BaC@, like other alkaline-earth carbonates may undergo thed@edmposi-
tion when heated to high temperatures (see e.g. [6] ancerefes therein). Therefore the chemical
composition of the evaporated targets needs careful igedisin. Since the important quantity for
the cross section determination is the areal number deosttye 13°Ba atoms, after determining
the stoichiometry of the targets, two further independeeathrods have been used to determine this
guantity. In the following sections the details of these sugaments are given.

2.1 Target characterization by Rutherford Backscattering Spectrometry

The composition of the targets and the number density offliga atoms have been measured
with the Rutherford Backscattering Spectrometry (RBShmégue. The Van de Graaff accelerator
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Figure 1. RBS spectrum of target #6. See text for details.

of ATOMKI provided a 2.5 MeVa-beam which was scanned over the target surface of about 8 mm
in diameter. A collimated Si detector was built into the &rghamber at 150with respect to the
beam direction to detect the backscattemeplarticles. The measured RBS spectra have been fitted
with the SIMNRA code [7]. The number density of the Ba atomd tie target stoichiometry were
free parameters in the fit. The best fit was obtained with tHewiing stoichiometry: Ba: C: O
=19% : 20% : 61%. Since the fit is only weakly sensitive on thebGa content of the target,
the C ratio has been fixed at 20 %. These results show thatighapesignificant deviation from
the stoichiometric BaC&composition of the target after the evaporation. Figurediasithe RBS
spectrum of target #6 and the fit to the data. For comparistifassuming BaO target composition
(with the assumption that BaG@ompletely loses C®and forms BaO during the evaporation) is
shown. The fit was made to obtain the same fitted and measurpedkaarea. It can clearly be
seen that the BaO target composition can be excluded.

2.2 Independent determination of the target thickness

Relying on the target stoichiometry obtained from the RB&sneement, the number of target
atoms has also been determined by two other independenbdsethirst, the weight of the Al foll
backing was measured with a precision of a fegvbefore the evaporation. The foils were put into
the evaporator in a holder constraining the condensatitimeaarget to a circular spot of 12 mm in
diameter. The weight of the target was measured again aftezvtaporation and from the weight
difference the target thickness could be obtained. Thikhatkassumes a uniform target thickness
across the 12 mm diameter surface.

In the second method the energy lossoeparticles in the target was used to determine the
thickness. A?*'Am a-source and a Si detector have been placed into an ORTEC SKIL&!
spectrometer. First the spectrum of the source was measiiteeh the Al backing (before the
evaporation) has been put between the source and deteditheaspectrum was measured again.
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Figure 2: Alpha spectrum of thé*2Am source without any absorber, spectrum after energy tosise Al
backing and in the Ba target. The center of gravity of eacktspare shown by dashed lines.

Finally after the evaporation the target was placed in thleetspmeter to measure tleparticles
penetrating the target and backing. The three spectrarfyett&#2 can be seen in FigureZAm
emits three maimr-groups which can be separated in the case of the rdftad spectrum. After
the target or backing, however, the energy straggling miakapossible to separate the subgroups.
Therefore the energy loss was determined by calculatingeheer of gravity of the spectra in all
three cases. These centers can be seen as vertical dasiseih lihe figure. The energy loss was
converted into target thickness using the SRIM code [8].

The latter method has also been used to determine the uitiyoofrthe target thickness. For
this purpose a 2 mm collimator has been placed between theesand detector and moved over
the surface of the target. The uniformity of the targets Haen found to be better than 7 %.

3. Resultsand conclusion

The results of the three independent thickness measurernantbe seen in Figure 3. In a
few cases not all three methods have been applied becausehoiidal reasons. The results of
the different methods are in excellent agreement with ei@epf target #2 where the results of
the two applied methods differ by more than the uncertantie order to avoid higher systematic
uncertainty, the cross section measurement carried ohtthig target will be repeated with new
targets.

The typical uncertainties for the thickness determinatiare the following: 7 % for the RBS,
5% for the weighing and 7 % to 14 % for the alpha energy loss oreasent. The latter two are,
however, not entirely independent from the RBS measurersamnte the target stoichiometry must
be used as an input parameter. Therefore the unweightedgavef the three methods has been
adopted as the final result of the target thickness and a c@tse value of 8 % has been assigned
as uncertainty.
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Figure 3: Thicknesses of the Ba targets determined by the three mgthod

The three applied methods increase the robustness of get thickness determination. Nev-
ertheless, the number of target atoms remains one of thesigusticant source of uncertainty in
the®%Ba(a, y)13*Ce and**Ba(a,n)!*3Ce cross section measurement. Further investigationgof th
target properties are planned with SNMS [9] and SEM [10] hémplnes.
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