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Introduction

RF Parameter of QWR and HWR

QWR HWR
Bopt 0.047 0.12
f [MHZ] 81.25 162.5
Leff 173.5 2215
R/Q [Q)] 469 295
Ep/Eacc 5.7 5.2
Bo/Eacc [MT/(MV/m)?] 10.4 9
Eacc [MV/m] 6.1 6.6
Vace [MV] 1.06 1.46
QR 18.1 36.8
(HWR) (QWR) Cyclotron IF System
Cavity # of cawv. # of CM Cav. Op. T (K)
QWR 1 22 4.5
SCL3 2 1342 2.05
HWR
4 19 2.05
SSR1 3 23 2.05

SCL2
SSR2 6 23+2 2.05




Introduction

Cryomodule for SLC3
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Mass production of SCL3 cryomdoules

Contracts

SCL31 SCL32

Products Quantity Products Quantity
HWR cryomodule A 15
Flnal deliverables QWR cryomodule 22
HWR cryomodule B 19
Superconducting cavities 18 Superconducting cavities 104
Power couplers 20 Power couplers 104
Subcompo.nents Tuners 22 Tuners 104
to be fabricated
Cryostat A 14
Cryostat 21
Cryostat B 18

2017. 12 ~ 2020. 07 2018. 05 ~ 2022. 01

» Domestic vendor: VitzroTech (cavity: Rl as subcontractor)




Mass production of SCL3 cryomdoules

Items supplied by IBS

Superconducting cavities 4 ea 2 ea
Power couplers 2 ea 2 ea

Tuner - 2 ea
Cryomodules 1 set 1 set (HWR CMA)
Nb materials 120 % of required quantity

Cryogenic motors for tuner 22 ea 105 ea
Pick-up 22 ea 106 ea
Beam line gate valve 40 ea 68 ea
Cavity vacuum valve 44 ea 34 ea
Cryogenic valves 42 ea 96 ea

Temperature sensors 210 ea 820 ea



Mass production of SCL3 cryomdoules

Schedule for mass production

. €
CarigEsi T2 cavity fabrication ('18.03 ~ ‘20.06)
| °

module & tuner fabrication (‘18.03~’19.03)
® ®

coupler fabrication (“18.03 ~ ‘20.01)
QWR ® ®

vertical test (‘18.08 ~ 20.07)
® ®

m%dule assembly (‘“19.07 ~‘.20. 08)
horizontal test (‘19.08 ~ 20. 09)
® ®

Helium jacket issue based on the KGS (Korea Gas Safety)

® Contract(‘18.05
ontract( ) cavity fabrication (‘18.09~'21.06)
I °

module fabrication (‘18.12 ~ ‘20..06)

tuner fabrication (‘19.01 ~ ‘20. 04)
® ®

HWR | coupler fabrication (‘19.03 ~ 21.04)

®
vertical test (20.02 ~ 21. 07) o

module assembly (‘20.08 ~ ‘21.10)
® ®

Design change of beam sphere and beam port ; ‘ s
Delay of cavity fabrication due to COVID-19 issue in subcontractor (RI, Germany) hgrlzontal e 11)




Performance test

Test procedure

,,,,, o S
Installation in the bunker — = 020 2108 B y-oa0e o r8
« Cavity frequency check & tuner operation test
* Leak test and vacuum pumping for cavity 45000 15000
* Leak test and Purging cryogenic pipes ‘”jz 43222
» Connecting cryogenic lines, signal cables, DC bias,
RF transmission lines, etc | o R ~09982
AAAAA oo | — — SN

Cool-down
* Thermal shield cool-down by LN2
» Cavity cool-down through cool-down line Tuner test at room temp. (~0.2 Hz/pulse, ~30 kHz span)
4K Test
* MP conditioning
* Cable calibration e
« Static and total thermal load measurement 152483500
* Field emission conditioning with pulsed RF power, 162493000
if necessary R —
162492000
2K TeSt 162 481500
* 2 K pump-down: df/dp measurement (~3MV/m) y=-4.7445x + 2E+08
* Q,,, measurement with VNA B
+ Static and total thermal load measurement 162430500
. 500 550 G600 650 700 750 200 850 500 850 1000
* LFD & tuner operation test
« Alignment measurement df/dp measurement during 2K pump-down (E,.. < 3MV/m)



Performance test

Q. measurement with VNA “ owR
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H. Hahn et al., Calibration of the ERL cavity FPC and PU couplers, 2010



Performance test

df/dp and LFD measurement

df/dp [Hz/mbar]

df/dp E!Hz/r*r'nlaar]
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df/dp and LFD measurement results

Comparison of VT and HT results for HWR cavities

= Relatively larger df/dp of HWR cavities but lower pressure fluctuation at 2.05 K
- Pressure fluctuation: ~ 1 mbar at 4.5 K, ~ +0.3mbar at 2.05 K

= Enhancement of cavity’s stiffness by tuner in the cryomodule: 45 % lower df/dp and LFD



Test results

30.0

Total thermal Ioad H Total thermal load

m Static thermal load HWR CMB Requirement@2K: 26 W
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No. of Cryomodule

» Total thermal load(=static thermal load + dynamic thermal load) is the thermal load of cryomodule when the cavities are under their
operating condition.

Thermal load (W)
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= Dynamic thermal load of each cryomodule is the sum of the dynamic thermal load of cavities in the cryomdoules.

= Static thermal load measured in the test was not measured in fully thermalized condition.

= HWR CMs: 15 failure for 33 CMs occurred due to field emission of cavity and the failed cavities were reprocessed, reassembled and
tested.

= Afew failure were caused by cold leak during cooldown.



Test results

Static thermal load

Static thermal load change w.r.t. time during HT
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Main reason: Large mass (~40 Kg) of tuner

Lowest static thermal load measured during the test 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 9.6 W and 10.7 W, respectively.
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Test results

Dynamic thermal load
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Required average dynamic thermal load per QWR cavity: 10 W
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Test results

Tuner test
180 Afrequency (Hz, deviation from 162.5MHz)
HWR#5
130 HWR#6
HWR#47 !
" HWR #48 E:
g f\ ’\ A /.f \ -’\\ /
g -’ / / \ ‘q / ‘.\
) " 23 \ ’ A rf .. f '\“ \\ \ / / y “-.‘/ v
i / \/‘ \ \ \.-' Y Y v
'El -20000 -15000 -1 0000 -5000 o 1] 5000 10000 15000 20000
-70 Time ( 6sec Step)
TI.._Ii"I?gr pulse -
Wide range test Narrow range test
» ~ +150 Hz , Hysteresis of tuner » 20 pulse/step * 3 steps * 20 times up and down

= 20 pulse/step * 50 steps * 3 times up and down
= Control bandwidth ~ 130 Hz
= Tuning resolution: 0.2~0.25 Hz/pulse

= Small backlash (~a few Hz)



Summary

= 22 QWR cryomodule, 15 HWR cryomdoule A and 19 HWR cryomodule B for SCL3 were successfully fabricated and tested.

» Test procedure and test setups had been successfully established.
= All cryomodules were tested in two SRF test facilities (on- and off-site).
» Field emission was the most significant cause of the failure.

+ 3 CMs tested three times and 9 CMs tested twice.

» Cryomodules passed the performance test were installed in the SCL3 tunnel and successfully finished beam commissioning.

= 1st beam commissioning was done for SCL3 in May 2023.

. . 2125 pA
Mac Mode Linac Tuning

Beam Mode Linac Tuning
Beam Energy MeViu
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17.581 MeViu 8107 MeViu 2457 MeVlu 0529 MeViu
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Beam Energy 17.6 MeV/u

LLRF Status SSPA Status Beam Direction Timing Control

Output FWD e KoBRA or Timing OniOff L
AMPFB NDP$ o Beam Pulse Rate 1000  Hz LS oo e e v Rl

PHFB DUMP [ Beam Pulse Width 100 s Y{mm]
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