
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

α-Particle Transport Test of Korea Broad
Acceptance Recoil Spectrometer and Apparatus at
RAON
To cite this article: D. G. Kim et al 2023 J. Phys.: Conf. Ser. 2586 012146

 

View the article online for updates and enhancements.

You may also like
Design study of a radio-frequency
quadrupole for high-intensity beams
Jungbae Bahng, Eun-San Kim and Bong-
Hyuk Choi

-

Overview of the Rare isotope Accelerator
complex for ON-line experiments (RAON)
project
Byungsik Hong

-

Low- to medium- cavities for heavy ion
acceleration
Alberto Facco

-

This content was downloaded from IP address 166.104.66.193 on 03/11/2023 at 04:33

https://doi.org/10.1088/1742-6596/2586/1/012146
/article/10.1088/1674-1137/41/7/077002
/article/10.1088/1674-1137/41/7/077002
/article/10.1088/1742-6596/2586/1/012143
/article/10.1088/1742-6596/2586/1/012143
/article/10.1088/1742-6596/2586/1/012143
/article/10.1088/1361-6668/30/2/023002
/article/10.1088/1361-6668/30/2/023002
/article/10.1088/1361-6668/30/2/023002
/article/10.1088/1361-6668/30/2/023002


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

28th International Nuclear Physics Conference (INPC 2022)
Journal of Physics: Conference Series 2586 (2023) 012146

IOP Publishing
doi:10.1088/1742-6596/2586/1/012146

1

α-Particle Transport Test of Korea Broad Acceptance

Recoil Spectrometer and Apparatus at RAON

D. G. Kima,b,∗, K. Tshooa, Y. K. Kimb, S. J. Pyeuna, K. Leea,
M. Kima, M. S. Kwaga, C. Akersa, J. C. Kima, C. Hama, S. Leea,
T. Shina, S. Ahnc, D. S. Ahnc, J. W. Hwangc, D. Kimc, K. I. Hahnc,
and M. Kwona

aRare Isotope Science Project, Institute for Basic Science, Daejeon 34000, Republic of Korea
bDepartment of Nuclear Engineering, Hanyang University, Seoul 04673, Republic of Korea
cCenter for Exotic Nuclear Studies, Institute for Basic Science, Daejeon 34126, Republic of
Korea

E-mail: kdgeon79@hanyang.ac.kr

Abstract. KoBRA of RAON has been prepared for various low energy nuclear physics
studies such as nuclear structure, reactions, and astrophysics. An α-particle transport test was
performed using a standard α-source of 241Am so as to examine the design parameters. The
position distribution of the α-particles was measured with a PPAC at the dispersive and
achromatic focal planes, and compared with that of a lise++ Monte Carlo calculation. The
results are consistent with each other, confirming a few design parameters. We report on the
preliminary results of the α-particle transport test for KoBRA.

1. Introduction to KoBRA

Korea Broad Acceptance Recoil spectrometer and Apparatus (KoBRA) is one of the low
energy experimental facilities at Rare isotope Accelerator complex for ON-line experiments
(RAON). KoBRA is a multi-purpose experimental instrument using stable or rare isotope beams
in an energy range of 1 − 40 MeV/nucleon for various low energy nuclear physics studies, such
as nuclear structure, reactions, and astrophysics, at Rare Isotope Science Project of the Institute
for Basic Science in Korea [1-8]. The installation of KoBRA was completed on June 2021 except
for a Wien filter, and the first phase of RAON construction project was completed in December
2022 [9]. KoBRA will be utilized to produce rare isotope beams from a stable primary ion beam
40Ar coming from the low-energy SuperConducting LINAC 3 (SCL3) for early phase experiments
in the near future.

KoBRA, as illustrated in the Fig. 1, consists of a pair of swinger magnets used for bending
the primary beam up to ±12 degrees onto the F0 target, a production target chamber at F0, two
curved-edge bending magnets with two sextupole magnets to minimize high order aberrations
up to 4th order, seven large quadrupole magnets with large apertures, eight small quadrupole
magnets, and one Wien filter.

A particle identification for rare isotope beams can be done by employing the Bρ-TOF-∆E
technique with event-by-event coincidence measurements. The magnetic rigidity (Bρ) of the
rare isotope beams is determined by measuring the position at the dispersive focus F1 with the
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Figure 1. A schematic view of KoBRA.

Parallel Plate Avalanche Counter (PPAC) [10, 11]. The time-of-flight (TOF) is determined using
thin plastic detectors placed at the double achromatic focuses F2 and F3. The energy loss (∆E)
is measured by a silicon detector located at F2 or F3. A homogeneous or curved degrader can
be installed at F1 for the additional separation using the energy-loss achromat technique.

The Wien filter will be positioned between F2 and F3, and is utilized to purify the rare
isotope beam with an energy range of less than a few MeV/nucleon. The Wien filter is being
manufactured and will be constructed till the end of 2023. The basic design parameters of
KoBRA are listed in Table 1.

The ion-optics of KoBRA was designed with a fifth order optics calculation [6] using the code
cosy infinity [12]. The point-to-point focus conditions in both horizontal and vertical planes
are satisfied at F1, F2 and F3. The momentum dispersion and the magnification at F1 are (x|δ) =
41 mm/% and (x|x) = 0.96 in the horizontal plane, respectively. Both momentum and angular
dispersions at F2 and F3 are zero in order to satisfy the double achromatic condition. The
higher-order aberrations are minimized by using the curved-edge bending magnets along with
two sextupole magnets as reported by K. Tshoo et al. [6].

Table 1. Basic design parameters of KoBRA.

Design parameter Specifications

Magnetic rigidity 0.25 − 3.0 Tm
Angular acceptance ±40 mrad (Horizontal), ±100 mrad (Vertical)
Momentum acceptance ±4%
Momentum resolving power at F1 2100 at 2-mm beam size
Maximum mass resolving power at F3 750 at 2-mm beam size
Beam Swinger Up to ±12 degrees at 3 Tm
High order correction Up to fourth order
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2. α-Particle Transport Test

The α-particle transport test of KoBRA was performed using a 241Am α-source as the first
step after the installation without the Wien filter. We placed a 241Am disk source with active
dimension 5 mm (dia.) at the target position F0. The magnetic fields of all the magnets
were scaled according to the magnetic rigidity of a 5.486-MeV α-particle (Bρ = 0.33741
Tm). We monitored the magnetic field strengths of the curved-edge bending magnets using
NMR probes within an accuracy of about 10−6 T, and precisely tuned Bρ of KoBRA. The
position distributions of the transported α-particles were measured at the dispersive focus F1
and the achromatic focus F3 with the PPAC.

The measured position distributions of the transported α-particles were compared with the
results of a Monte Carlo calculation using lise++ [13]. In this calculation, the α-particles
were generated with an isotropic direction at F0, assuming that 241Am materials deposited
homogeneously in the active area at the substrate surface of 241Am source. The transported
particles were calculated with ion-optical transfer matrix elements up to fifth order, and the
position distributions of the transported particles were acquired at F1 and F3. Fig. 2 (a) shows
the measured two-dimensional position distributions (left) at F1 and F3, together with the
results of the calculation (right). Three types of the transported α-particles with kinetic energies
(branching ratio) of 5.486-MeV (84.45%), 5.443-MeV (13.23%), and 5.388-MeV (1.66%) were
clearly separated in the horizontal direction at the dispersive focus F1. The transported α-
particles were achromatically focused at F3.

Fig. 2 (b) shows the measured position distribution (open circle) in the horizontal plane,
together with the result of the calculation (solid line). The transported α-particles were
separately distributed with their kinetic energies, and each peak distribution had a gaussian-like
shape. Second and third peak distributions for 5.443-MeV and 5.388-MeV α-particles from the
center are consistent with the calculated distributions. However, the first peak distribution for
5.486-MeV α-particle had the left-side tail, which was speculated due to high order aberration
of the transported particles with the angle near the maximum angular acceptance at F0. It can

Figure 2. A comparison of measured and calculated (a) two-dimensional position distributions
of the transported α-particles at the dispersive focus F1 and the achromatic focus F3. (b)
horizontal position distributions at F1. All the calculations represent the results of normalized
distribution to total counts of the measured distribution.
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be expected to be resolved by further fine tune using the sextupole at the front of F1. Both
measured and calculated horizontal distributions were fitted using Gaussian functions in order
to obtain the peak positions and widths, from which the momentum dispersion was deduced
to be 40.8 ± 0.3 mm/%. The magnification was also deduced to be 0.97 ± 0.04. The quoted
errors come from the fitting uncertainty. These results are in good agreement with the optical
design parameters within the errors, leading to the momentum resolving power of 2101.4 ± 2.1
at 2-mm beam size.

3. Summary

We completed the installation of KoBRA at the end of June 2021 except for the Wien filter,
and performed an α-particle transport test with a 241Am α-source. The position distributions at
F1 and F3 are consistent with the calculated distributions. The momentum dispersion and
horizontal magnification at F1 were measured to be 40.8 ± 0.3 mm/% and 0.97 ± 0.04,
respectively, which corresponds to the momentum resolving power of 2100. These results
are consistent with the design parameters within the errors. We plan to perform a beam
commissioning with a 40Ar beam in March 2023.

Acknowledgments

This work was supported by the Rare Isotope Science Project of the Institute for Basic Science
funded by the Ministry of Science and ICT (MSIT), Republic of Korea, and by the National
Research Foundation (NRF) of the Republic of Korea under Contract 2013M7A1A1075764.

References

[1] Tshoo K, Kim Y K, Kwon Y K, Woo H J, Kim G D, Kim Y J, Kang B H, Park S J, Park Y H, Yoon
J W et al. 2013 Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with
Materials and Atoms 317 242–247

[2] Fountas P, Souliotis G, Veselsky M and Bonasera A 2014 Physical Review C 90 064613
[3] Kim Y K, Jeon D, Woo H J, Kim G D, Shin T S, Kwon Y K, Kim J W, Hong I S, Kim H J, Kang B H et al.

2015 Proceedings of the Conference on Advances in Radioactive Isotope Science (ARIS2014) p 020042
[4] Woo H J, Kang B, Tshoo K, Seo C, Hwang W, Park Y H, Yoon J, Yoo S, Kim Y and Jang D 2015 Journal

of the Korean Physical Society 66 443–448
[5] Kwon Y, Tshoo K, Park J, Satou Y, Souliotis G A, Hashimoto T, Berg G P A, Choi S, Kato S, Kim Y K

et al. 2016 Meeting Abstracts of the Physical Society of Japan 71.1 (The Physical Society of Japan) p 391
[6] Tshoo K, Chae H, Park J, Moon J, Kwon Y, Souliotis G A, Hashimoto T, Akers C, Berg G P A, Choi S et al.

2016 Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials
and Atoms 376 188–193

[7] Jeong S, Papakonstantinou P, Ishiyama H and Kim Y 2018 Journal of the Korean Physical Society 73
516–523

[8] Papageorgiou A, Souliotis G, Tshoo K, Jeong S, Kang B, Kwon Y, Veselsky M, Yennello S and Bonasera A
2018 Journal of Physics G: Nuclear and Particle Physics 45 095105

[9] Chung Y, Kim H and Kwon M 2022 Journal of the Korean Physical Society 1–5
[10] Akers C, Lee K B, Kim Y J, Hashimoto T, Kim E H, Lee H S, Park J H, Ryu M S, Tshoo K, Kang B H

et al. 2018 Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment 910 49–53

[11] Akers C, Lee K B, Kim Y J, Kim E H, Kwon Y K, Lee H S, Moon J Y, Park J H, Ryu M S, Shin T et al.
2017 Journal of the Korean Physical Society 70 682–686

[12] Makino K and Berz M 2006 Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment 558 346–350

[13] Tarasov O B and Bazin D 2016 Nuclear Instruments and Methods in Physics Research Section B: Beam
Interactions with Materials and Atoms 376 185–187


