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HF (High Frequency) 3~30MHz -
)
VHF(Very High Frequency) 30 ~ 300 MHz FEQAA%'\,]\] SV\\//VRR(%EZESS,\'}A:ZZ))
UHF (Ultra High Frequency) 0.3~1GHz pé@%ﬁ? 5‘8\2/%%550'\8'_',\%2)
N TESLA® 9-cell cavity(1.3 GHz)
L band 1~2GHz AGSR# 31 harmonic cavity(1.5 GHz)
S band 2~4 GHz PLS Linac(2856 MHz)
C band 4 ~ 8 GHz }
X band 8~12 GHz CLIC®(12 GHz)

ZEAM: IEEE 521-2002, |EEE Standard Letter Designations for Radar-Frequency Bands
1) RAON: Rare isotope Accelerator complex for ON-line experiments

2)  PLS:Pohang Light Source

3) TESLA:!linear electron-positron collider, DESY, Germany

4)  4AGSR: 4t Generation Storage Ring

5)  CLIC: CompactLinear Collider
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« A2 cavity®2 O Zot 7t AUS S H 4~ US.

A 7:'| s:-i 7 |'-“7 | (Constant-voltage accelerator)

positive
gradient high-voltage
rings terminal charging chain
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negative ions stripping accelerating positive ions

steel pressure tank chamber tube .
beam steering

magnet

®

© 2012 Encyclopaedia Britannica, Inc.

< Two-stage tandem particle accelerator>

vacc — 6 MV KIST Tandetron

O0bm

1.3 GHz NBrcavity 1.3 GHz Cu cavity

< 1.3 GHz cavity (KEK) >

Course materials, ASSCA2022 February 11-20, 2022, Korea University, Sejong, Korea.

Viaee > 7 MV Ve > 2.4 MV
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1.3 GHz NB cavity

AXE JHSEL
(NC, Normal conducting)

AME Jt&Et
(SC, Superconducting)

OFHC, Cu, 24tas

Nb, Niobium EE= Nb-coated Cu

AF2 (293 K)

2~45K

Pulse 27101 A&

CW, Continuous wave 7ts

=me RF&£20| F, €2 ZA0M 28 kW
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D ETY VbSE vs IR0 ks

7é'; 7.:_1'63 / |'-J—'.=7 | (Constant-voltage accelerator) J_'_-’F-m' 7 |'-$‘_.1_|' (RF cavity)

< Traveling wave (TW) >

+ IOl Z0|7t 203,
+ RF M2 £20| 4T1H02 Hg

rrrr1rr1rr1r1r 171

+1V +2V +3V +4V +5V
I I I N I I N I

< Standing wave (SW) >

- CIRHO[ ZO[VF B0t 7HSE,
. RF A2 240 ALfROZ Ot
s~ a e~ Institute for
Course materials, LCschool*, December 8-20, 2016 ,KEK, Tsukuba, Japan. IRIS Rare sotope science 19



He Fumping Fort

Electric Fields
Liguid He Bath

Eeam Fath

Kon

1*.-—‘

A |

He Fill Fort

Vacuum Insulation + Magnetic shield
« X2 Kor 45K)0IAM ol 7t4E Qb 2E6t= EAl

. DENL3IML, AMEH RE 7|s SSTRE T

i Institute for
Wikipedia: Superconducting Radio Frequency TRIS rare isotope science 14



< Pill-box cavity >

- CavityQl StlxItE BRIE(R)00 2fsH 28 E

« CavityQ| Z0|+= cavityE AlLt= o™

Wikipedia: Superconducting Radio Frequency

BALS S0 ofoll Z2EE.
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02 1&IOf7f=sa

= RAON Accelerator Systems = &HA| H12|2l IRIS Overall
-— Injector

4 g5CL3 =—> 4 g5CL2 —™>
0.5 MeV/u 18 MeV/u 200 MeV/u
. ISOL/ECR MEBT SCL3-2 | €SS | sCL2-1 | sCL22 | HEBT | IF |

$=0.051 £=0.13 £=0.32 B=0.51

1T e~ Institute for
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02 IFIp 75

Superconducting Linear Accelerator

Superconducting Linac 3 (SCL3, Low-energy section)

HWR-B modules
(19ea)

HWR-A modules
(13ea)

SCL32
HWR modules
(32ea)

Schematic diagram

- SCL31
Beam QWR modules
(22ea)

22*1+13"2 + 19*4

Superconducting Linac 2 (SCL2, High-energy section)

SCL22
SSR2 modules
(23ea)

Schematic diagram

- scL21
Beam SSR1 modules
from (23ea) i ;
SCL3 . 3
23*3 + 25*6 ' Y e Y .

Superconducting Cavity  Total (124 ‘Q"’VR‘ HWRA HWR B Superconducting Cavity Total (219 SSR1 SSR2
(QWR/HWR) cavities) (726a) (13ea) (19ea) modules (SSR1, SSR2) cavities) (23ea) (23ea+2)
4 p, D,
RF parameter SCL2 beam parameter
Type of cavity Optimum B | fivHz | Eo/Eaee | Bp/Bace mtMvimi | Epe Mviml | Voo Mv1 | QRS [ - Particle Uranium Proton
o QWR 0.051 81.25 6.0 10.8 5.7 1.07 18.1 Energy [MeV/u] 200 600
HWR 0.13 162.5 . . 2 1.47 71
> 9.6 6 3 Beam current [puA] 8.3 660
SCL2 SSR1 0.32 325 4.1 6.9 7.9 2.36 92.2
SSR2 0.51 325 3.7 9.0 8.7 410 | 123.0 Power (@ target) [k\W] 400 400 20




02 DX I} 7t

= TEM class Cavity .« Z0|27t&7|= MRI7I4 7|9 | YRtOl £E7HH| WA L2 TEM class 7H42HS 22310 9 S 7tae

TEM-Type Cavities
Y iAot AAAS
Sp°"Ie @CCCD:] Elliptical

1000

Half-wave

Frequency (MHz)
S
o

saniae) adAl-N3L

Quarter-wave

10

p=0.1 Particle Velocity [B=v/c]

Subashini De Silva, "Superconducting Non-Elliptical Cavities (TEM Cavity Design)”, Tutorial Session, June 22-24, SRF2023, Grand Rapids, MI, USA. 21



02 DX I} 7t

= TEM class Cavity - TEM-class cavity= 45K 28

TM,,, Structures
Dia ~ 0.88 -0.92 A
Coupling ~ 2%

A 12 Structures
Dia~ 0.46 - 0.51 A\
Coupling ~ 20 - 30%

Jean Delayen, "TEM-Class Cavity Design’, Course Materials, June, USPAS2015

FO0 TM 7HE0fl HIgH 27171 %2 01F0]
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Example : 350 MHz, B=0.45
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02 1=0OpJtk=si HWR, 24

Electromagnetic fleld analysls

Lorentz force detuning (LFD)

.

Beam port and beam sphere design

Minimize E,/E,.. 2 Suppress field emission

Minimize B, /E,., > Enable higher operational gradient

J

L

Multipacting analysis

F\at top

N
REFUSVE:
Round top

1AHAIHE

Zt& A (MV/m)

o 2 4 6 8 10 12

MP band below 2 MV/m

J

'l

HWR Cavity_Bare

Inner Conductor
Assembly
. Outer Conductor
Assembly

Upper End
Assembly

Lower End
Msembly

HePort \? ° °\ iR

/ Upperend (LowerEnd)
Bare Cavity
Outer(onducmr
CouplevPonBello”s
StrongBack N

BeamPort Bellows

Open Ta:m

Fiducial

HWR Cavity _Heacket

NbZ2t &=l Bare cavity

2 Ct

QIR0 MM RES H

Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023

/|

2|3t He jacket

s

81.298 |-

81.296
y=-136.54432x+(8.1298e+9)

81.294 |

81.292 +

Frequency (MHz)

81.290

6 2‘0 4.0 60
E__2[(MV/m)]]

are

For beam port free, LFD, = -16.4 Hz / (MV/m)?

For beam port free, LFDyq,e = -14.7 ~ -44.6 Hz / (MV/m)?

J

Structure analysis

2nd HWR

=3 |

1st HWR(stiffening)

22ZERERGEIANERRS

° EgNeEEERsaneiss

[
2040088

§

Moo 0 1 A P -1 300 33809 3L M ST e 0 Y 3172 .31 s

1.69GPa/100Bar 679MPa/100Bar

- Max. deformation: 1.9 mm = 0.86 mm
- Max. stress: 1.69 Gpa - 679 MPa




02 IO 7f52H HWRIISEE

IR A U e g

View
port for
open
target

Magnetic shield
(mu-metal)

Thermal shield

(Al plate + Cu pipe)
Cryomodule assembly

25
Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02 10O 7f=52H HWRIISEE

Rupture disk for
helium guard

Helium guard for 2 K
pressure safety

Cryogenic pipe lines
to valve box

Pressure safety

Cryogenic system
valve (rupture disk, relief
valve, solenoid valve)

4 K reservoir

Strong-back 2 K reservoir

Cavity vacuum
manifold

Power

Beamline gate
coupler

valve

Tuner

All-metal angle
valves

26

Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02

Inner conductor

Outer conductor

Thermal intercept

Power coupler

Contact with
cavity beam port
flange

Cryogenic motor

Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023

27



02 LRI 7k5Ek HWR MR

= HWR: 2IXIx{ &4

Material Material inspection
- Visual inspection, Soaking test
- Structural characteristics

Brasil CBMM, Araxa

Hel=0| W MIA ELEe 95% S5

EDM (Electrical Discharge Machining): (£} 21 Al () ™A ZH

28
Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02 IZEN7h&2: HWR HIZt

* HWR: Deep drawing

Pressing & machining for parts

Deep Drawing

7 i 29
T. Saeki, "Superconductive RF", LC school 2016, Fuiji, Japan / Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02 LRI 7k5Ek HWR MR

* HWR: Deep drawing

Large grain

Fine grain

T. Saeki, "Superconductive RF", LC school 2016, Fuiji, Japan

Difficulty due to deformation caused by asymmetric grains
Relatively cheep
Grain size : from several to more than 10 cm

Half-cell made by large-grain disk

Easy and stable fabrication
Grain size : a few to several 10 um

H C O N Fe Si Ta  RRR
Large grain <5 <10 <10 <10 <10 <10 80 416
Fine grain <10 40 <10 40 20 20 100 258

30



02 11&If7fs2 HWR HIE
* HWR: Mechanical grinding
Mechanical Grinding

T. Saeki, "Superconductive RF", LC school 2016, Fuiji, Japan 3



02 LRI 7k5Ek HWR MR

= HWR: Electron beam welding

Clamp-up test
- Frequency adjustment
before fmalweldlng

Ultrasonic cleaning
(USC)

2.8 mm

" . " .o . " . 32
T. Saeki, "Superconductive RF", LC school 2016, Fuiji, Japan / Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02 =0} 7fs5EE HWR HIE

» HWR: EH 2]

High temperature heat

BCP HPR treatment

Nb Surface Buffered Chemical Polish (BCP)

5 HF (49%), HNO; (65%), H;PO, (85%)
Nb,O; (~ 5 nm thick) Mixture 1:1:1, or 1:1:2 by volume typical

<— Sub-oxides (NbO,, x=2-05) %tl', xEI Al_l-’ OI_| Al_l-

Oxidation Brown gas
L Interstitials (O, H, Ta) 2Nb + 5HNO; - Nb,O; + 5NO,

Nb' Reduction

Nb,O; + 6HF = H,NbOF, + NbO,F 0.5H,0 + 1.5H,0

i

NbO,F 0.5H,0 + 4HF & H,NbOF,+ 1.5H,0

33 R il 33
T. Saeki, "Superconductive RF", LC school 2016, Fuiji, Japan / Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02 IZEN7h&2: HWR HIZt

= HWR: £ X2|, HPR &k

Visual .
—p
eeEn USC HPR Drying Clean assembly
\ 4 A 4 Jr \ 4
Scratch, dent, DI water, 50°C, Fixture 10 class
oil 20 min. installation cleanroom

DI water quality
HPR ports check (18MQ)

A 4

Beam port
(5¢cm/min, 20rpm)

A\ 4

2 x HPR port
(5¢cm/min, 20rpm)

A 4

2 x HPR port
(5cm/min, 20rpm)

~— 10~ 12 hours

Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023
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02 =IO} 7152k HWR NS

= HWR: EH x{2|, USC

=  (Class1000 (ISO6) cleanroom

=  Double bath type
* 1stbath(degreasing) : 1% liquinox
« 2" path(rinsing) : DI water

= Ultrasonic Power : 1.5kW

= Ultrasonic Frequency : 40kHz

= Heating up to 60°C

35
Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02 1&IOf7f=sa

= HWR: BCP procedure in detail

Clean room Light BCP
1st BCP —p> 2nd BCP —> 311 BCP —> assembly (dressed cavity)
i i \ 4 A 4 . *
Visual Visual Visual _ Visual
inspection inspection inspection Cleaning inspection
Freq.,weight Freq.,weight Freq.,weight Ports & valve Freq.,weight
check check check Assembly check
S C C - BCP
USC BCP BCP
Leak ~
(Liginox, DI) (Upper, ~50um) (Lower, ~50um) SEl e (Lower, ~20um)
A\ 4 v A 4 v Uéc
Ll usc USC Ar chargin
(Lower, ~50um) (DI water) (DI water) ging (DI water)
v v. Freq.,weight = Freq.,weight
USC Drying Vertical test check
(DI water) (10 class cleanroom) check
Drying HPR He jacketing PP
(10 class cleanroom) 1
' Drying
Drylng (10 class cleanroom)

* Weight check: estimation of etching depth

(10 class cleanroom)

Youngkwon Kim, "QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023
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02 IFIp 75

= HWR: Clean Assembly

Unidirectional airflow type (DESY)

T. Saeki, "Superconductive RF", LC school 2016, Fuiji, Japan

Non-Unidirectional airflow type

ISO
Classification
number

[SO Class 1
[SO Class 2
150 Class 3
[SO Class 4
[SO Class 5

150 Class 6

ISO Class 7

[SO Class 8
IS0 Class 9

[SO 14644-1 Classes
FS 209 Classes

Cleanroom Classification

Maximum concentration limits (particles/m’ of air) for particles equal to
and larger than the considered sizes shown below

>=0.1pm>=0.2pm >=(0.3um >=(.5pum >=]pum >=5.0pm
10 2
100 24 10 4
1000 237 102 35 8
10000 2370 1020 352 83
100 000 23 700 10 200 3520 832 29
{;:?Dm 237 000 102 000 35200 8320 293
352 000 83 200 2930
3520000 832 000 29 300
35 200 000 8320000 293000
Class 3 Class 4 Class 5 Class 6 Class 7 Class 8
Classl Class 10 Class 100 Class 1000 Class 10, 000 Class 100, 000
Cavity Cleanroom \
H
assembly for SRF ._l'Ek'”

37



02 =IO 7r=sd

= HWR: Clean Assembly

USC & HPR

Parts using USC Parts not using USC

Less than 1 particle Less than 1 particle . .
(< 0.3um) /5s (=21.0um) /1s Particle counting

Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02 &I} 7f=s2

= HWR: Vertical test facility
Vacuum Chamber PLOmnp - ““

Cryogenic valve

Vacuum pumping lines
& vacuum gauges
o AR

- GHe supply &return

B | |

I

i

: fn.i' <
¢ "™ Feedthroughs
=g

<D

Cryostat
+ Magnetic shield

Top flange
SHHO|| 4702 HWR 7tE2E SA| W2 Its

Vacuum pump
for cavity

Assembly area(clean room) for vertical test p flange in the ver;cical test pit

39
Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023



02 &I} 7f=s2

= HWR: Vertical test facility

£
i

=

i

|l

=

[N\

¥
.
—— .

il W W

-

Outer conductor and
bellows

Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023

ﬂmer conductor \
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Cryogenic
valve

Strong-back

Cavity
vacuum
manifold

Tuner

All-metal angle
valves

Precision assembly in cyromodule

Front G
Rear G/V 8 A

Fiducial post for
laser tracker {

Connectionto
strong back

@ =
= Ll

Cavity position measurement during assembly

Open target for
cavity
displacement
measurement

Dressed cavity

Strong-back for cavity support

Youngkwon Kim, "“QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023
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http://www.brunson.us/wp-content/uploads/2013/03/795-51.jpg

* HWR: 7I5E= X8

Measurement of open target position before and after cool-down

Micro Alignment Telescope (MAT)

= Measurement of cavity’s displacement before and after vacuum pumping and cool-down
= | ocation of the beam port can be estimated by the displacement of the open targets

43
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* HWR: 7I5E= X8
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= Opentargets on the beam ports to know the actual position of beam ports
= To check the repeatability and to know the amount of vertical calibration
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= HWR: Horizontal test facility
||||||I Hi |

_,‘

!‘——

Horizontal test bunkers

RF transmission line

N\

MAE] ALY, “IRIS RF other than SRF Cavities”

Helium distribution lines

MIH | HAFLLJ, “IRIS Cryogenics”

SSPA

Valve box for HT

45
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 HWR: Horizontal test facility

LHe, LN2 transfer line
(flexible and bayonet)

by RF transmission line
Al ’} 1"

| Vacuum pump
— | (cavity and chamber)

Radiation sensor

MAT & targets
(Micro Alignment Telescope)

DC bias: 1~1.5 kV

46
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 HWR: Thermal load measurement results

30.0
B Total thermal load
m Static thermal load HWR CMB Requirement@2K: 26 W | »mumuwmmll“ ]
25.0 B dynamic thermal load ""'"t-u.. muy ' i s
il ?‘-i,. imic bt
QWR CM Requirement@4K: 20 W . 5 . ]
0w — GRSt
3 Ly G v
20 15.0 HWR CMA Requirement@2K: 14 W
~ | 4. 000 K ¥R®E .0 .2 - - .
E 1 SCL3 Installation
2 , _
'_ . 4 « ‘ L ! <l -
10.0 a1l | ]
0.0 3, 2 s Ea
g z = = Fi35:55:55:58:55555555% - By
S2fiZiciiciicoticicces23333339333333¢686¢82082028282838888
GG J6000G00G0006000000R00200002220052228522858258522852¢88

No. of Cryomodule
» Dynamic thermal load of each cryomodule is the sum of the dynamic thermal load of cavities in

the cryomdoules
Youngkwon Kim, "QWR and HWR Cryomodules for Heavy lon Accelerator in RAON/RISP", ASSCA2023
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Electromagnetic fleld analysis Lorentz force detuning (LFD)

E-field & B-field distributions Beam port fixed

Py

i

e ) 3 S

- For beam port fixed, LFD = -2.45 Hz / (MV/m)?
- For tuner assembled, LFD = -3.67 Hz / (MV/m)?

df/dp analysis

324.25

Minimize E,/E,.. 2 Suppress field emission

Minimize B, /E,.. > Enable higher operational gradient
L J

Structure analysis

Under vacuum after jacket-stiffening ring welding

o Beam port free_asy y=0,024x+323,99-"
324.2

K: Pressure

Stress of Nb Parts
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 15

o Beam port fixed_asy
324.15

39.446 Max
35.065
30.684
26.302
21921
17.539

324.1

324.05

13158
8.7765
43951
0.013703 Min

Frequency (MHz)

7 L SN PRIt et

323.95
0 1 2 3 4 5 6 7 8 9 10 11

He Pressure (bar)

. Beam port free condition : 24 kHz/mbar
Maximum stress :

39.5 MPa < (47.0 MPa) Beam port fixed condition : 3.8 kHz/mbar
. J . J

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring
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N
B | Z=@Oj4 H3) gl nize H|
[ = = = - THT = X T 4
SUTY AY FIIST FIL0| YBS 0|XE BY A -
Reg +196 kHz Spoke base?| Collar & 5&
27 FIH4 &% 2T Elt4 53
~ . r p— Lgp +235 kHz/mm Beam port 7t 74
Half-shell RF port ke + Shell 2
- Tes Collar(R5) Spoke . .
Hlamp L Test =% g8 = H L +129 kHz/mm Half-shell2| trimming Z 0|
N .
RN Tec -462 kHz/mm Spoke Center 7|
) ( ' ( Degy +235 kHz/mm Spoke basel| & (x&)
Tuner
21 't El= 2 BCP (150 urm) Jacket 2
=T e Deg, +287 kHz/mm Spoke basel| AE (%)
h
v (df/dp dfiAdd) S LI FOpe oA - MY S0l
324.25
e Beam port free_asy y =0.024x + 323,99
324.2
e Beam port fixed_asy
T B beamport fixed condition : 2.8 kHz/mbar
2 a1 _."beamport free condition : 23 kHz/mbar
= ]
(%}
c
% e N L IS et 2 v =.0.0038x.+.323.99--®
th: 324 @
323.95
0 1 2 3 4 5 6 7 8 9 10 11
He Pressure (bar)
) A\ J

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring
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Buffered chemical polishing (BCP)

Wet chemical etching process for
Nb to remove surface damages,
contaminations, and native oxides

« HF :HNO;:H;PO,=1:1:2
(HF: 40%, HNO,: 65%, H,PO,: 85%)

Sindle spoke resonator1 (SSR1)

Clamp up test

® + Sub-part alignment for frequency
tuning and optimal positioning

* Frequency adjustment using shell
trimming (conventional) and beam
cup trimming (recently) methods

e ~150um

~

y

J

+ Cleaning process to remove residual
particles, acids, and contaminants
from Nb surfaces.

» The critical step in SRF cavity
preparation; it strongly influences field
emission (FE), resulting in quality factor
(Qo)

7

el RGA

~+ Assembly of SRF cavity
components in a cleanroom to
prevent particle contamination and
ensure ultra-high vacuum (UHV)

conditions

Temperature (T)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (h)

 Critical process similar to the HPR for
minimizing FE and achieving Q,

* For hydrogen degassing from Nb * Forreduction of SEY

51
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shell visual inspection

20254 78 03

- Half shell is fabricated by deep drawing process from raw material

- Flaws on cavity inner surface due to deep drawing process were eliminated

- Beam port cup and stiffener ring are welded to half shell by E-beam welding
- Stitch welding to minimize the cavity deformation (stiffening ring)
— 30 % of each outer / inner diameter of stiffening ring is welded

- Spoke and collar is welded to cavity after clamp up test

52

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring



2t: SSR1, MIZE!
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OIE NEE o] Z™E shell to shell HEl

0] 2P0l M spoke®} shellof] ©HER} Bl

(MAIS M) spokeQ} shellZt BEAF @1

TS EL] 2
1T TTo o

o >3 Fot= Fuls Hat
°° [MHZz]

Tuner 2% 325.000

2K #4248l 28 325.050

S Hi7| 324.215

BCP (150 um) 324.120

Spoke + Shell €73 324.122

Spoke + Collar(R5) &% 323.965

Half-shell % 323.769

Clamp up Test 323.808

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring
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~ Shell trimming

misfit due to shell trimming
— poor EB welding quality

ideal weld line"

‘poor weld line’
- due to mi

=0

- Beam port cup trimming
trimming

- Frequency sensitivity
Shell trimming : - 129 kHz/mm

Beamport cup : + 235 kHz/mm (simulation)

+ 233 kHz/mm (#3 cavity)
+ 295 kHz/mm (#2 cavity)

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring



NLES | ) == o SSR1 HI=

. | 4 — N F) €. SSR1 #4 clamp up test

@ _

324.4 —e—SSR1 #4

s 324.1 E
T 324 '
323.9 E
- e "5 323.8 !
Gap due to pre-assembly 139 !
- 90 100 110 120 130 140
antena tip length
- Gap occurrence due to pre-assembly of each part Table. Frequency change during process
— Apply copper tape to the gaps (results in frequency increase) process Af[MHz]  f[MHz]
_ . . . . Tuner —0.07 325.00
- Determine the optimal tip length by adjusting 2K cooldown +0.84 395 07
the pick-up antenna tip length and measuring the frequency vacuum evacuation +0.09 324.23
- Frequency variation occurs at each clamp-up due to assembly tolerances BCP (150um) —0.002 324.14
. . . . . Spoke - shell welding +0.16 324.14
— With fixed bolt tightening torque, the frequency differs by about 200 kHz _
Spoke - collar welding +0.2 323.98
- Trim the beamport cup after frequency measurement Half shell welding ~0.04 323.78
Clamp-up test 323.82
56
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o€ mcup ¢ _ Ipllshed inner surface B .S
rimming '

- Clamp-up target frequency 323.8 MHz & = half shell — shell 8% 21

- Beamport cup trimmingOf| (2 &5 ™ TX| H ARY T

" . _ . " . 57
Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator’, KNS2026 spring
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02 X0} 752
Hotatlonal buffered chemical polishing (BCP)

Evaluation length ()

3000

Chemical reaction mechanism
6Nb + 10HNO; — 3Nb,0; + 10NO(g)+5H,0
Nb,Oj + 6HF < H,NbOF + NbO,F+ 2H,0
Nb,O; + 4HF < H,NbOF + H,O

Concept of the improved process

v' NOx gas bubble adhere to the RF surface,
causing bubble streak defects.

v An approach using rotational BCP with
external cooling circulation was adopted
to mitigate bubble adhesion.

v’ This leads to suppressed FE and enhanced
quench field.

J

Temperature monitoring during BCP process

SSR1, ™ X

Vlsual InSDBCtIOH of RF surface

Rotational

- No bubble streak observed by visual inspection
.

Further consideration

v' Process optimization for uniform etching rate

Etch rate (um/min)

v Surface analysis via coupon tests
- Surface roughness measurement
- SEM analysis for surface morphology
- SIMS analysis to examine residual defect along the depth direction

v'  Correlation between surface condition and RF performance
(Qq> Quench, FE)

L

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring
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fa S?RZ prototype (IHE

02 J1FIf 7= SSR1, ™ X2

it | 1
§ ; 2 A
- '.’i:(/ A
i Y J [ 4

SSR1 prototype

\\ SSR1 prototype

- Bubble streaks are observed in both SSR1 and SSR2 cavities

- A new BCP acid drain system has been introduced to minimize the acid drain time after the BCP process
- HF, HNO3, H3PO4 = 1:1:2, drain time < 15s (decreased from 90s for previous BCP facility)

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring



High pressure rinsing (HPR)
Nozzle & HPR coverage simulation

=-1-%

16 Hole Nozzle 10 Hole Nozzle

Beam port nozzle

\ & e i J

Further consideration

- Introduction of an external cleaning process

- Optimization of nozzle angle, position and rotational speed
for maximum HPR coverage

- Correlation with RF performance (field emission)

.

Resistivity M/cm @25°C

Particles ea/ml under 0.5 mm dia.
TOC (total organic carbon) Ppb

D.O. Ppb

v" Liquid particle measurement
Datetime (Y-Axis) 0.1 pm 0.15 pm 0.2 pm
2026-01-14 10:56 a7 30 24
2026-01-14 13:39 55 33 22
2026-01-14 13:40 56 31 19
2026-01-14 14:13 55 30 19
2026-01-14 14:25 54 31 1S
2026-01-14 14:30 63 32 23
2026-01-14 14:34 42 24
2026-01-14 14:37 70 36 21
2026-01-14 14:39 SFS 29
2026-01-14 14:41 60 26 19

v" TOC tracking after changing UV filter

nw 10

150 12

14

16

18

20

Qualification of ultra pure water

v' Target of ultra pure water

T mem | | Tage

>17.5

10~20

<10
<50

0.3 pm
13
6

22.75
14.96
12.68
11.54
9.04

7.99

0.5 pm
10

N

RN () (o) o (o

TOC(ppb, u/L) Time TOC
(min) (ppb, mg/L)

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring
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Evacuation

- All vacuum components used in clean assembly are cleaned by ultrasonic cleaning and ionized air blowing to remove contaminants prior to use.
- During assembly, particle levels are continuously monitored, and the process proceeds to the next step only when the particle count reaches zero.

- During evacuation, a slow pumping step is adopted to suppress particle migration and ensure stable particle conditions.

61
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Temperature (K)

sy 30000 Parameters Value

~

1E1 — LN I B B I B B
c?:' Targer Temperature [K] 2
o - 25000
\£10 Sl #1 Qo at 1MV/m 1.01E+10
- #3.'. w ", - 20000 £ Ries (NQ) 9.1
o ° N 3 Q, at 8.5 MV/m -
S ¢ 1% 3 X-ray onset 3.4
. R g
L . 110000 < LFD (Hz/(MV/m)?2) -8.1
1E8 N df/dp (Hz/mbar) -31.1
_ - 5000
13?p5vfhr“: Q. 6.76E+10
s OSSO Yl Q 3.03E+11
0 1 2 3 4 5 6 7 8 9 10 11 12 .
Eace (MV/m) Multipacting band (MV/m) 0.44 - 0.55

+ SSR1 cavity tested in vertical cryostat
* Magnetic shielding applied to reduce ambient (earth)
magnetic field and minimize trapped flux

Eunsol Go, "Development Progress of the Single Spoke Resonator in High-Energy Linac Front-End at the Rare Isotope Accelerator”, KNS2026 spring
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  T =  1 f


  v =  𝜆 T = f 𝜆
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