ENERGY LOSS OF RADIOACTIVE ION Mg AND *He PARTICLE
IN THE GAS TARGET HeCO,(10%)
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Abstract: Energy loss of alphas in the energy region 4.788-5.795 MeV and radioactive
ions ?Mg at 25.894 MeV in active gas target HeCO, was measured. The experiment was
performed directly in inverse kinematic for Mg producing by CRIB spectrometer of the
University of Tokyo located at RIKEN, Japan in 2011. The experimental results are
compared with theoretical calculation in a good agreement. The obtained values are also
confirmed by Bragg’s law over the investigated energy range.
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1. Introduction

The direct measurement of the Mg + *He system plays an important role not only in
studying 2°Si structure but also for reaction rate of the stellar reaction ?Mg(a, p)*°Al in the
ap-process [1, 2]. The measurement needs to be performed in inverse kinematics by using the
active gas target technique. Although the mixture gas HeCO, is one of crucial gas targets in
astrophysical experiments, specially for (o, p) reactions, no experimental data of interaction
with the particles obtained. The energy loss of the scattering alphas “He and the incident
radioactive beam Mg plays a crucial role in the direct measurement of the stellar reaction. In
addition, the accuracy of energy loss is one of a factor for ion beam analysis [3] as well as
industrial applications [4, 5]. In our work, we measured the energy loss of alpha particles at
4.788 MeV, 5.486 MeV and 5.795 MeV and radioactive ions Mg at 25.894 MeV in mixture
gas HeCO, (He-90%, CO,-10%) with different thickness of the target. The experiment was
carried out in the framework of the direct measurement of the Mg + “He system at CRIB
(CNS Radioactive lon Beam separator) facility of the Center for Nuclear Study (CNS) [6], the
University of Tokyo in October, 2011. The results were compared with other theoretical codes
elaborated by Ziegler (SRIM 2008) [7], by Hans Geissel, et al. (ATIMA) [8] and database in
ref. [9] with a good agreement.

2. Experiment

The Mg beam production was performed by using the CRIB spectrometer located at
RIKEN (fig. 1). The radioactive ion (RI) beam *Mg is produced via *He(**Ne,>*Mg)n
reaction by bombarding a Havar-windows 2.5 um, cryogenic gas target [10] of *He at 90 K
with the primary beam ®Ne at 6.2 MeV/u from AVF cyclotron. The RI beam is more
preferentially populated at achromatic focal plane F2 using dipole magnets and identified by
beam monitors PPACs [11]. We separated and purified successfully on target at F3 plane after
coming through a Wien filter, see table 1 for details of beam production.

The alphas used is from a thin triple alpha-source including >*’Np (4.788 MeV), ***Am
(5.486 MeV) and **Cm (5.795 MeV) with 350 Bq of intensity.
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Fig 1. A plane view of CRIB spectrometer of the University of Tokyo at RIKEN, Japan.

The experiment was set up in a gas-target chamber at F3 filled HeCO, whose stable
pressures were kept by a gas system including an automatic electronic valve between the
chamber and outside. Homogeneous gas is one of the important element to estimate the
thickness of gas target, and therefore, homogenizing is necessary to be done. We used a flow
gas system with a rate of 20 sccm (standard cubic of a centimeter per minute) during the
experiment. In addition, room temperature of the gas was also kept at approximately stable
value having a negligible deviation compared with the estimated thickness. The incident
particles come through mixture gas and reach to a silicon detector collimated by a narrow hole
of 4 mm in diameter. The detector was located downstream of the beam with 400 mm of
distance from beam spot or alpha source to the detector. Figure 2 shows the details of the
experimental setup.
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Fig 2. Schematic of the detection system at F3 was used for measuring energy loss of *He and Mg in
HeCO,

Table 1. Condition of radioactive beam production.

2 Ne He Target Purity  %“Mg at F3
500 enA  0.72696 mg/cm?  40% 700 cps

We kept the primary energy and measured energy loss of the particles through mixture
gas step-by-step to estimate dependence on thickness of the target. The thickness of the target
at 0.47916 mg/cm?, 0.60752 mg/cm?, 0.77008 mg/cm?, 1.02676 mg/cm?, 1.35192 mg/cm? and
1.71128 mg/cm? was changed by adjusting the gas pressure in the gas system.

The pulse-height spectra measured by silicon detector have been energy-calibrated
using the triple-alpha source *’Np, *!Am and ?**Cm for alpha and Mg measurement. In



order to get more accurate data of heavy ion Mg, a known energy ion beams of “Ne
(different charge states: 10+, 9+, 8+, 7+ and 6+) from AVF cyclotron was used to calibrate
the detector system. Experimental data of each thickness were recorded in a file by a
computer and analyzed offline.

3. Results and discussion

We use ROOT program [12] for analyzing data. The resultant peaks are nearly of
Gaussian distributions. Therefore, the experimental data have been extracted by fitting
Gaussians from the foot of the low energy side to the foot of the high energy side of the peak
centroids. The uncertainties of the results are estimated to be 6% for “He and 13% for “*Mg
ions including the errors in fitting the spectra, beam energy profile and system resolution. The
calibration results show the work using charged ?°Ne beam is consistent with one using alpha
source and with each other. Figure 3 and figure 4 show the spectra obtained with triple-alpha
source, different charge states of 2°Ne beam and demonstrate the quality of the calibration.
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Fig 3. Energy spectrum was measured with triple-alpha source. The inset shows energy calibration for
alpha energy loss measurement extracted from the spectrum
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Fig 4. Energy spectrum was measured with different charge states of *’Ne beam. The inset shows
energy calibration for Mg energy loss measurement extracted from the spectrum

Stopping power @E/dx for alpha and Mg at the average particle energies (£,,) in the
target have been determined by dividing the measured energy loss A£ by the thickness of the
target and £, = E; - AE/Z, where E; is the incident particle energy. The results of the
measurements for “He and Mg in mixture gas HeCO, (10%) are shown in Figs. 5, 6 and
table 2.
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Fig 5. Stopping power of the alpha particles is Fig 6. Stopping power of the radioactive ions

as a function of average incident energy of ?Mg is as a function of average incident energy of
thickness in HeCO,. The experimental data are thickness in HeCO,. The measured data are
compared with the results calculated by codes compared with the results calculated by codes in
in ref. [7, 8, 9]. ref. [7, 8, 9].

As can be seen, in the low energy region of alpha particles, stopping power is more
compatible with the semi-empirical curve predicted by SRIM2008 though the measured
values are approximately 6% higher than the prediction. The result also points out that the
energy loss of alphas is further than other calculations [8, 9]. Therefore, it is better to estimate
energy loss of alpha by using SRIM2008 than using the others. For the radioactive ion Mg,
it is closer ATIMA [8] values than others in the energy range E > 17.5 MeV, whereas, it has a
large difference in the region E < 17.5 MeV compared with codes [8, 9]. In this region, the
experimental data are generally 11% lower than prediction of SRIM2008. The code can
optimize exactly energy loss if it is modified by a factor of 11% higher. The compatibility of
the codes [7, 8, 9] points out that a good applicability of Bragg’s law for stopping
measurement in the mentioned energy regions of the ions. The lower or higher results
compared with calculation may be caused by the homogeneity, which influences the density
of the absorber, of target consisting of various mass amounts of He and CO,. In addition,
difference of interaction of light particles and heavy radioactive ions in the gas also effects on
the results. The mentioned reasons are predicted based on a comparison of this work with
others investigating stopping power of alpha and Mg in pure Helium gas [13] since no
experimental data on Mg and alpha in HeCO, have been obtained. The deviation of the
results in this experiment collated with theory demonstrated that it is necessary to get much
more data to modify energy loss calculation, such as Bethe-Bloch formula [14], for the real
values.

Table 2. Average incident energies E,, inside thickness of target HeCO,
and relative energy loss AE/E of ions in the target
lon “He lon ?Mg
E.(MeV) | AE/E (%) | E.(MeV) | AE/E (%)
4.580 8.675 14.553 77.933
5.300 6.754 16.721 54.859
5.620 6.027 19.050 35.928
20.506 26.275
21.722 19.206




4. Conclusion

Since the HeCO; gas plays an important role in astrophysical experiments using active
target, it is essential to investigate the energy loss of particles in the gas. In this study, energy
loss of radioactive ions Mg and alpha particles in mixed gas HeCO, is measured with a good
agreement compared to theoretical calculations. The experiment results demonstrated that
SRIM2008 and ATIMA are dominants for estimation of stopping power of the particles in the
mentioned energy regions. However, there still need more energy loss measurements for
particles covering a wide range of mass and energy for further estimation in the mixed gas.
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SUMAT NANG LUQONG CUA HAT NHAN KHONG BEN *Mg VA “He
TRONG HON HQP KHi HeCO, (10%)
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Tém tit: Sy mét nang luong cua hat alpha trong ving nang luong 4.788-5.795 MeV  va
hat nhan khéng bén Mg mang niang luong 25.894 MeV trong hdn hop khi HeCO, d4
dugc khao sat. Chung t6i tién hanh tao chum hat khong bén 22Mg bang hé phd ké tir
CRIB cua Dai hoc Tong hop Tokyo, dat tai RIKEN, Nhat Ban vao nam 2011. Két qua
cua phép do dugc so sanh vai két qua tinh toan theo Iy thuyet cho thiy su tuong dong
trong ving niang luong xem xét. Diéu d6, ching to sy mat nang luong cua cac hat van
tuan theo quy luat Bragg trong truong hop ndy, tuy nhién c mét chit khac biét can hiéu
chinh.

Tix khéa. energy loss, radioactive ion“Mg, active gas HeCO.,.



