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Abstract
Mass production of the HWR (half wave resonator) cryomodules for SCL32 of RAON had been conducted since 2018 and all cryomodules were installed in the SCL3 tunnel in 2021. Total number of the HWR cavities and the HWR

cryomodules are 106 and 34, respectively. Cryomodule performance test was started in September 2020 and finished in October 2021, except for one bunching cryomodule that will be installed in front of the high energy linac. The detailed
procedure and the results of performance test is reported in detail.

Introduction Test setup

Fig. 2 Test setups in the HT bunker for HWR cryomodules
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Fig. 3 P&ID of cryomodule

Test Procedure and Results

Installation in the bunker
• Cavity frequency check & tuner operation test
• Leak test and vacuum pumping for cavity
• Leak test and Purging cryogenic pipes
• Connecting cryogenic lines, signal cables, DC bias, RF 

transmission lines, etc.

Cool-down
• Thermal shield cool-down by LN2
• Cavity cool-down through cool-down line

4 K Test
• MP conditioning (Fig. 4)
• RF application (Fig. 5)
• Cable calibration
• Static and total thermal load measurement (Fig. 6)
• Field emission conditioning with pulsed RF power, if 

necessary

2 K Test
• 2 K pump-down: df/dp measurement (2~3MV/m)
• Qext measurement with vector network analyzer (Fig. 7)
• Static and total thermal load measurement (Fig. 8, 9)
• LFD (Fig. 10)  & tuner operation test (Fig. 11)
• RF control test

Fig. 4 MP conditioning (Pf: forward power, Pt: transmitted 
power, Pr: reflected power, Eacc: field gradient)

Fig. 5 Conditioning effect during initial RF power application

Fig. 6 Thermal load measurement with boil-off calorimetry
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The Rare isotope Accelerator Complex for ON-line Experiments (RAON) has been built for providing beam of exotic 
rare isotope of various energies at the Institute for Basic Science (IBS)

The low energy superconducting linac (SCL3) of RAON is composed of 22 quarter wave resonator (QWR) 
cryomodules and 35 half wave resonator (HWR) cryomodules including two bunching HWR cryomodules in a post-
accelerator to driver linac (P2DT).

The mass-production of HWR cryomodules was started in May, 2018. Performance test of HWR cryomdoules was 
started in September 2020 and finished in November 2021. The low energy linac of RAON was installed in the tunnel on 
December 2021. SCL3 will be cooled down in September 2022 and the first beam injection to SCL3 is planned to be in 
October 2022
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RF parameters of QWR and HWR

The vertical test (VT) and the horizontal test (HT) had been done in two SRF test facilities of IBS. One is off-site test facility that has 2 VT pits, 2 HT 
bunkers, and 70 L/h helium liquefier and another is on-site test facility that has 3 VT pits, 3 HT bunkers, and 140 L/h helium liquefier. The cavities that
had passed the vertical test were assembled in the cryomdoules. 

Cryogenic fluid such as liquid nitrogen and liquid helium were supplied from the helium liquefier and LN2 tanks, respectively through the flexible 
insulated transfer lines. Two RF transmission lines were installed in the bunkers and connected with power couplers. The solid state power amplifiers 
(SSPA) were located outside the bunker. The DC biases were utilized to suppress the multipaction of the power couplers. 1.5 kV DC voltage was supplied 
to the DC bias during the experiments. Two vacuum pumps were used for evacuating cavity string and insulation vacuum. The vacuum pumping station 
for the cavity string had slow pump-down system that can control the initial pumping speed. The micro alignment telescope and reference targets were 
utilized to measure the displacement of the cavities. Radiation sensor was installed around the power coupler to monitor the X-ray due to the field 
emission of the cavities.

 Two JT valve to control the 
mass flow rate to reservoirs

 Bayonet connection and 
flexible pipe line for 
cryogenic fluid 

 Loop thermosiphon for 4.5 
K thermal intercept cooling

Fig. 7 Qc and Qt measurement

The pickup external Q (Qt) values are two orders higher than the average 
Q0 values of the cavities as expected. The operating bandwidth and the required 
RF power are affected by the coupler external Q (Qc) value. The average 
operating bandwidth is 140 Hz while the minimum is 90 Hz. 

Fig. 8 Thermal load measurement results for HWR cryomodules

The total thermal load requirement for HWR CMA and HWR CMB are 14 W and 26 W at 
2.05 K and 6.6 MV/m field gradient for every cavity, respectively. Every cryomodule satisfies 
the total thermal load requirement. The dynamic thermal load shown in the figure are the sum of 
the dynamic thermal loads of all cavities in the cryomodule. Average dynamic thermal load the 
HWR cavity is 3 W and Q0 is 2.4e+9.

Fig. 10 df/dp and LFD measurement results for HWR cavities 
and comparison with VT results

The average values of df/dp and LFD in horizontal test are -7.2 Hz/mbar 
and -3.2 Hz/(MV/m)2, respectively. The df/dp and LFD values measured in the 
horizontal test reduced more than 45% compared with those measured in 
vertical test. 

Fig. 9 Tendency of static thermal load change

The final static thermal load that we had measured were 5.6 W and 8.3 W for 
HWR CMA and HWR CMB, respectively while the average static thermal load 
measured during the experiments were 8.0 W and 10.7 W, respectively. 

Conclusion
The 15 HWR CMA and the 19 HWR CMB for low energy linac (SCL32) and bending section (P2DT) were successfully fabricated, tested and installed in the tunnel. The installed 

cryomodules were connected with the CDS (cryogenic distribution system) including the warm piping and assembled with warm sections. The cryomodules are waiting for the cool-down and 
commissioning. The performances and the characteristics of 106 HWR cavities were also tested and measured individually after the cryomodule assembly. 
The preparation and test procedure were well established and the personnel of RISP were properly trained during the mass production of SCL3 cryomodules. The lessons learned will be useful 
for the development and construction of the SCL2.
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