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Abstract. Stopping powers of a-particles emitted by "8Gd, " Am and ***Cm isotopes in PRIO and isobutane
(C4H10+Ar) gases have been experimentally measured in the energy region from 1.0 to 5.5 MeV. The experimental
data were compared with those calculated by SRIM-2013 computer code. It was concluded that the experimental stop-
ping powers in our investigated region are in agreement with the calculated values.
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I. INTRODUCTION

Stopping power of charged particles in different absorbers is an important quantity in many
fields of nuclear physics and applications, health physics, radiobiology and other related sciences.
The Bethe theory for stopping power has been used for calculating the stopping powers. Owing to
its importance, the experimental values of stopping power of charged particles in the wide energy
range for different materials have been continually measured until now [1-3]. Furthermore, some
computer codes for its estimation have been developed and continuously corrected using available
experimental data [4,5]. Among these codes, SRIM is most popular one and has been used by
many researchers who need to know stopping powers of charged particles in certain material. The
latest available version of this code is SRIM-2013.

In nuclear physics experiments, the different gases are usually used such as for the Parallel
Plate Avalanche Counter (PPAC), Multi Sampling Ionization Chamber (MUSIC), active target,
etc. [6,7]. For designing nuclear physics experiments using charged particles as well as for data
analysis, the stopping power of charge particles in air and different gases are essential. For this
purpose, the predicted values of SRIM code are used instead of experimental ones. This is due to a
fact that not so many experimental data of stopping power are available. Once the predicted values
were used, one should need to confirm their correctness. Therefore, the comparison between
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calculated and experimental data of stopping power of the charged particles in used absorbers
should be done.

A new 5SSD-2 Pelletron recently was installed at Hanoi University of Science [8]. The
beams of a-particle with energy up to 6 MeV are available for doing research. Various nuclear
physics experiments and application are planning. Stopping power of ¢-particles in different
materials including air and gases plays an important role for designing these future experiments.
Therefore, we decided to measure this quantity experimentally.

Objective of this study is to determine experimentally the stopping powers of ¢-particles
emitted by a triple a-source in the PR10 and isobutane gases which are usually used in our re-
search.

II. EXPERIMENTAL PROCEDURE

Our measurement was done at the Research Center for Nuclear Physics (RCNP) of Osaka
University (Japan). This is a part of our experiment for charge changing cross-section measure-
ment which is to be performed in 2014 using RCNP RI beam. A triple alpha standard source
of 9372 Bq consists of *8Gd, ?*! Am and ?**Cm isotopes produced by the company of Eckert &
Ziegler Isotope Products was used in this experiment. This composite source emits alpha parti-
cles with different energies. For our measurements, only three distinct energies of 3.2712 MeV
('8Gd), 5.4857 MeV (**' Am) and 5.795 MeV (***Cm) were used. In case of 2**Cm, the differ-
ence between 5.7628 MeV and 5.805 MeV is only 42 keV. They can not be observed separately
due to energy losses, straggling and finite resolution of spectrometer. Therefore the weighted
mean energy of 5.795 MeV for these two peaks was used. Using the branching ratio given in the
table, a mean energy 5.795 MeV of these two peaks was obtained. The experimental setup of our
measurement is shown in Fig. 1.
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Fig. 1. Experimental setup.

A rectangular stainless steel vacuum chamber was used. The a-source and a surface area
silicon detector were fixed in the chamber during our measurements. The distance between the
source and the detector was 31.7 mm and was remained constant throughout the experiment. The
thickness of absorber between the source and the detector was changed by changing the pressure
inside the chamber. Two aluminum plates of 2 mm thickness having the holes of 1 mm diameter
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were fixed along a line connected between the a-source and the detector. They were used for
collimation and for defining the beam direction.

The alpha particles pass through the gas under investigation and their residual energies after
passing the investigated gas were measured by means of a surface barrier Si-detector of 300 micron
thickness and 60 mm x 90 mm dimension, which is connected to a spectrometer. The detector was
mounted at the end of the chamber. The spectroscopy amplifier ORTEC451 and K102 USB based
a 4096 channel analyzer of Kromak Company were used.

The commercial compressed gases of PR10 bought from Japan Air Gases Company and
isobutane with purity of 99.995% and 99.990% bought from Sumitomo Seika Chemicals Company
were used for the measurements. The errors came from impurities should be less than 0.01%.

The vacuum system was evacuated to be better than 10~* atm before filling with the gases
under investigated. In addition, they were flushed several times before the final filling was intro-
duced. Leakage of the system can be ignored during measurement. The gas pressure was measured
with an absolute baratron manometer of MKS Company. The vacuum control system was con-
nected with the vacuum chamber. The temperature of the chamber was fixed by an air conditioner
in an experimental room.

To calibrate the spectrometer, the chamber was evacuated. The energy per channel was
determined from the positions of the 3.2712 MeV, 5.4857 MeV and 5.795 MeV peaks. The mea-
sured spectrum is shown in Fig. 2. The widths of these peaks were mainly due to the overall energy
resolution of the spectrometer. Fig. 3 presents the energy calibration curve.

Fig. 2. The energy spectrum of the mixed alpha source.

Many residual-energy spectra have been taken for each gas at different pressures starting
from 10~* atm until the alpha particles fully stopped by the gas. These spectra were later analyzed
for deducing the stopping power values.

III. THE EXPERIMENTAL RESULTS

The mean residual q-particle energies were calculated from the center of the peaks in the
pulse-height spectra. They were corrected for the energy losses within the gold dead layer on the
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Fig. 3. The energy calibration curve of the spectrometer.
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silicon detector which was 40 pg/cm? thick. To that end the energy-loss data calculated by SRIM-
2013 code have been used. These corrections were not critical, because they amounted only up to

14 keV at 1 MeV and 9 keV at 5 MeV. The energy losses within the source were negligible.

The finite source and aperture diameters caused some spread of the alpha-particle path
lengths. The path-length distributions and the mean path lengths were computed by a Monte
Carlo program. From the pressure and the temperature of the gas and from the mean path length,
the traversed mass per unit area was calculated for each spectrum.
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while solid line represents the calculated values

The corrected experimental data were fitted by least-squares polynomials representing the
traversed gas mass per unit area as a function of the residual energy E within the interval from
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0.5 MeV to 5.3 MeV. The statistical errors of the residual energies obtained from the pulse-height
spectra and the statistical errors of the traversed masses per unit area were taken into account.

For comparison, range curves were computed by SRIM-2013 computer program. The range
curves are shown in Fig. 4 and Fig. 5. Our measured data agree rather well with the curves
calculated by SRIM-2013.

IV. CONCLUSIONS

The stopping powers up to 5.5 MeV of 3.2712 MeV (1*8Gd), 5.4857 MeV (**!' Am) and
5.795 MeV (>**Cm) alpha particles in air, PR10 and iso-butane have been measured. The compar-
ison of the experimental values with the predicted ones using SRIM-2013 code shows that they
are in agree for PR10 and iso-butane gases while not for air. The experimental stopping powers of
alpha particles in air are smaller than calculated ones in average about 6%.
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