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Abstract 
 Quarter-wave resonator (QWR), half-wave resonator 

(HWR) and single-spoke resonator (SSR) cryomodules 
are used for RAON accelerator. The layout of RAON 
accelerator and three types of cryomodules such as QWR, 
HWR and SSR are shown in the linac. SRF test facility 
which consists of cryoplant, cleanroom, vertical test 
facility and horizontal test facility is constructed. 
Cleanroom has high pressure rinsing (HPR), ultrasonic 
cleaning (USC), buffered chemical polishing (BCP), high 
vacuum furnace and cavity assemble place. The test plan 
for cavity and cryomodules is presented.  

INTRODUCTION 
N-dimensional thermal radiation was studied [1] and 

the size effect of the thermal radiation was predicted [2, 
3]. Properties of superfluid helium fog were studied [4-6] 
and RAON superconducting radio frequency (SRF) test 
facility was designed [7]. The RAON SRF test facility 
consists of cryogenic system, cleanroom, vertical test 
facility and horizontal test facility. Cavity process and 
assemble can be performed in the cleanroom. Residual 
resistivity ratio (RRR) of Nb was measured and the 
conditions of e-beam welding (EBW) for Nb were studied 
[8, 9]. Helium leak detection techniques were shown for 
cryogenic system [10] and a half-wave resonator (HWR) 
cryomodule was test in low temperature [11]. 

In this paper, we show the layout of RAON accelerator 
in which QWR, HWR and SSR cryomodules are 
installed. Progress of the cryomodules’ development is 
presented and SRF test facility is shown. Cleanroom, 
vertical test facility and horizontal test facility can be 
used in the SRF test facility. 

RAON ACCELERATOR 
RAON accelerator consists of SCL1, SCL2, and SCL3. 

The layout of the RAON accelerator and the cross-
sectional view of cavities are shown in Fig. 1. The types 
of cavities are QWR, HWR, SSR1, and SSR2. Radio 
frequencies to drive QWR, HWR, and SSR cavities are 
81.25, 162.5, and 325 MHz, respectively. Beta is 0.047, 
0.12, 0.30, and 0.51 after QWR, HWR, SSR1, and SSR2 
cryomodules from SCL1 through SCL2. Beam energy for 
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Figure 1: Layout of RAON accelerator. 

 
H+ is about 600 MeV and beam energy for U+79 is about 
200 MeV. Power on target is about 400 kW. It is expected 
to construct the RAON accelerator in 2021. 

TYPES OF CRYOMODULES  
Prototypes of cryomodules are fabricated and tested. 

Fabricated prototypes of the cryomodules are quarter-
wave resonator (QWR), half-wave resonator type 1 
(HWR1), half-wave resonator type 2 (HWR2), single-
spoke resonator type 1 (SSR1), and single-spoke 
resonator type 2 (SSR2) cryomodules. The types of the 
cryomodules are shown in the layout of RAON 
accelerator in Fig. 2. SCL1 and SCL3 are the same, which 
have QWR, HWR1, and HWR2 cryomodules. SSR1 and  
 

 
Figure 2: Types of cryomodules in RAON accelerator. 
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SSR2 cryomodules are installed in SCL3. Static heat load 
is measured for QWR and HWR1 cryomodules. 

SRF TEST FACILITY 
SRF test facility has cryoplant, cleanroom, vertical test 

bench, and horizontal test bench. Cleanroom has high 
pressure rinsing (HPR), buffered chemical polishing 
(BCP), ultrasonic cleaning (USC), high vacuum furnace, 
and cavity assemble place. The classes of the cleanroom 
are 10, 100, 1000 and 10000.  Figure 3 shows the layout 
of cleanroom and the pictures for buffered chemical 
polishing (BCP), ultrasonic cleaning (USC), high 
pressure rinsing (HPR), and class 10 and 100 assembly 
rooms. Cavity is assembled in the room of class 10.  
 

 
Figure 3: Layout of cleanroom in SRF test facility. 

 
 

 
Figure 4: Vertical test facility. 

 
Vertical test can be performed at two vertical test pits. 

Radiation shielding door is installed. Cryostats, vertical 

test control room, vertical insert hanging booth, and 
vertical test pit are shown in Fig 4. Vertical test is 
ongoing.  

Figure 5 shows the horizontal test facility. Radiation 
shielding door is also installed. Two rooms for the 
horizontal tests are constructed in the facility. The low 
temperature test for HWR1 cryomodule was performed at 
the horizontal test facility. Horizontal test for QWR linac 
demonstration will be prepared. 

The vertical test and horizontal test to make RAON 
accelerator will be performed at the SRF test facility. 
Local control system for HWR1 cryomodule was 
developed and the control system for QWR linac 
demonstration is under development.  Local control 
system for vertical test will be developed in near future. 
 

 
Figure 5: Horizontal test facility. 

SUMMARY 
We have shown the developed cryomodules which 

include QWR, HWR, and SSR cryomodules. Layout of 
RAON accelerator was shown and goals of the 
accelerator were briefly introduced. SRF test facility was 
constructed. Cleanroom, vertical test facility and 
horizontal test facility are used in the SRF test facility. 
Cleanroom has high pressure rinsing (HPR), buffered 
chemical polishing (BCP), ultrasonic cleaning (USC), 
high vacuum furnace and cavity assemble place. Vertical 
test and horizontal test will be performed in the SRF test 
facility. 

REFERENCES 
[1] P.T. Landsberg and A. De Vos, “The Stefan-

Boltzmann constant in n-dimensional space”, J. 
Phys.A Math.Gen. vol. 22, p.1073, 1989.  

[2] Soon-Jae Yu, Suk Joo Youn, and Heetae Kim, “Size 
effect of thermal radiation”, Physica B, vol. 405, 
p.638, 2010.  

[3] Heetae Kim, Seong Chu Lim, and Young Hee, “Size 
effect of two-dimensional thermal radiation” Phys. 
Lett. A, vol. 375, p. 2661, 2011.  

  

TUPLR072 Proceedings of LINAC2016, East Lansing, MI, USA

ISBN 978-3-95450-169-4
620Co

py
rig

ht
©

20
17

CC
-B

Y-
3.

0
an

d
by

th
er

es
pe

ct
iv

ea
ut

ho
rs

2 Proton and Ion Accelerators and Applications
2B Ion Linac Projects



[4] Heetae Kim, Kazuya Seo, Bernd Tabbert and Gary 
A. Williams, “Properties of Superfluid Fog produced 
by Ultrasonic Transducer”, Journal of Low 
Temperature Physics, vol. 121, p. 621, 2000. 

[5] Heetae Kim, Kazuya Seo, Bernd Tabbert and Gary 
Williams, “Properties of Superfluid Fog”, 
Europhysics  Letters, vol. 58, p. 395, 2002. 

[6] Heetae Kim, Pierre-Anthony Lemieux, Douglas 
Durian, and Gary A. Williams,  “Dynamics of normal 
and superfluid fogs using diffusing-wave 
Spectroscopy”, Physical Review E, vol. 69, p. 
0614081, 2004. 

[7] Heetae Kim, Yoochul Jung, Jaehee Shin, Seon A 
Kim, Woo Kang Kim, Gunn-Tae Park, Sangjin Lee, 
Young Woo Jo, Shinwoo Nam, and Dong-O Jeon, 
“Raon Superconducting Radio Frequency Test 
Facility Construction”, Proceedings of Linac 2014, 
Geneva, Switzerland, 2014, TUPP086, p. 625.  

[8] Yoochul Jung, Myungook Hyun, Jongdae Joo and 
Mijoung Joung, “SRF Test Facility for the 
Superconducting LINAC “RAON” - RRR Property 
and E-beam Welding”, J. Korean Phys. Soc. vol. 66, 
p.454,  2015. 

[9] Yoochul Jung, Myungook Hyun, and Mijoung Joung, 
“RRR Characteristics for SRF Cavities”, J. Korean 
Phys. Soc. vol. 67, p.1319, 2015. 

[10] Heetae Kim, Yong Sik Chang, Wookang Kim, Yong 
Woo Jo, and Hyung Jin Kim, “Introduction to 
Helium Leak Detection Techniques for Cryogenic 
Systems”, Appl. Sci. Converg. Technol., vol. 24, p. 
77, 2015.  

[11] Heetae Kim, Youngkwon Kim, Min Ki Lee, Gunn-
Tae Park, and Wookang Kim, “Low Temperature 
Test of HWR Cryomodule”, Appl. Sci. Converg. 
Technol., vol. 25, p. 47, 2016.  

Proceedings of LINAC2016, East Lansing, MI, USA TUPLR072

2 Proton and Ion Accelerators and Applications
2B Ion Linac Projects

ISBN 978-3-95450-169-4
621 Co

py
rig

ht
©

20
17

CC
-B

Y-
3.

0
an

d
by

th
er

es
pe

ct
iv

ea
ut

ho
rs


