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Introduction (1)

Circulator . .
@ ? RF Transmission Line

High Power Input Coupler
Load u

Beam

RF Power Source

Nl

Cavity

The primary role of the input coupler:
to transfer RF power from the generator
to the cavity and to the beam.
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Introduction (2)

RF Transmission Line

x \

HOM Coupler ‘ | oad
/ HOM Absorber
( L[ e A\
Beam =—— — ( }
\ / — Heat Load

Cavity

The primary role of the HOM coupler:
to remove beam induced power from the cavity
in order to avoid resonant buildup of beam induced
voltage, and in order to avoid beam instabilities.

Eiji Kako (KEK, Japan) SRF2013 Tutorial at Ganil, Sept. 19, 2013' 7




Introduction (3)

He Tank

Monitor Coupler HOM Coupler

-——=> -->
+ - )
e'/e (5K)
- (_) " .,_y.\x)
HOM Coupler Magnetic (80K)
9-cell Superconducting Cavity Shield (Vacuum)

(300K) (Air)
Frequency Tuner

@put Coupler

Cavity package of STF 9-cell cavity at KEK for ILC
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Introduction (4)

Importance of a Harmonized System Design:

® Only SC cavity is not a special component.

® A harmonized design of a whole cavity package

including an input coupler, HOM couplers, a

frequency tuner, magnetic shields and a He-tank

is a most crucial task for a stable operation in

cryomodule with beam.

® Especially, input couplers and HOM couplers are

critical components in SC cavity system.
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My old experience on Input Coupler

508MHz,

CW 50kW
Input coupler with
one warm window
and water cooling

In the initial stage,
no TiN coating
no Arc sensor

4

Importance of
TiN coating and
il Interlock system
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My old experience on HOM Coupler

ek w#;gz:;;u? " v D08MHZ,
— — — b, | L Vessel coaxial antenna type,
HOM Coupler coupled E- fle|d,

e Gl HOM coupler
=1———> made of nhiobium

Ceramic —Qr
/ Disk

He Vessel . Air
Insulation |P
Vacuum

Cavity \Vacuum 200 tmm)
| Beom\Line

® heating due to multipacting
® not an efficient cooling
® shift of a rejection frequency
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Part - II
High Power Input Couplers
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High Power Input Coupler

The input coupler:

1. has to transfer RF power from the generator
to the cavity and to the beam.

2. must provide a match between the generator
impedance and the combined impedance of
the cavity-beam system, so as to minimize
the wasted reflect power.

3. may need to be an adjustable coupling.
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. From design to operation

Choice of Coupler Type
Design Issues
Fabrication Issues

RF Conditioning Issues

. State of the Arts
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High Power Input Coupler (1)

Coupling to cavity :

Circuit for cavity with beam
Useful equations on coupling
Optimum coupling with beam
Calculation of coupling by HFSS

Measurement of coupling by N.A.
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Circuit for cavity with beam

Circulator
Input HOM?2
RF Power Source
P Pt |1 P
9 Load Promz
1o Qs oW \ et Rromz
Cavity <===== Beam
FE\ oo [ p
P beam
0 Monitor
Phom1  HOM1 l Qo lP,
Qham] Q:

® Pin-PrefzP0+Pbeam+Pf+Phom1+PhamZ

® Qin << QO << Qf ’ Qhom] ' Qhomz
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Useful equations on coupling (1)

Accelerating gradient ( E,.. ) .

Eacc =
L

cavity

Cavity loss (P, )

oW

Qo

Beam power ( P, ) .

P =1

eam beam

— Ibeam ) Eacc

R/IQ ——
Q oW = anvity‘\/ F)0 'Qo

R/Q : Impedance of accelerating mode
L.avis, ¢ Cavity effective length

oW :@ Stored energy inside a cavity
Z.qvity < Constant parameter

Qp ‘ Cavity unloaded Q

V. : Cavity accelerating voltage

L., : Beam current

. VC -COS ¢ ¢ : Beam phase

) I-cavity - COS ¢
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Useful equations on coupling (2)

Generator RF power (P, ) . ® P .~ O (matching condition)
Pg — PO —+ Pb eam P, = Py (no transmission loss)
® P0+Pbeam))PfrPham11Phom2
Coupli ; 1 1 1 1 1 1
oupling constant ( S ) _ + + + +
ﬂ . Pg _1+ Pbeam N QO QL Qin QO Qt Qhoml QhomZ
P, B QL *@ <« @<« Q. Quoms . Quomz

QL = Qin
Loaded Q (Q, ) :
QO : PO N QO Eacc = 30 MV/m, L .y, = 1.0 m, I, = 10 mA
QL: =—— P,=100W, Q, =1.0x 1079
I:)beam IB 2 Poeam = 300 kW, Q,, = 3.3 x 108, g = 3,000
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Useful equations on coupling (3)

Optimum coupling ( Q, ~ Q,, << Q) :

V
% = RIQ),
( Q) *lpeam * COS ¢
Required RF power under matching condition ( 2.~ 0) .
) _ _
Pg V 1+ beam (R/Q) QL COS¢
4-(R/Q)-Q_| Ve _

In case of I, ,, ~

" JRIO
Eac \/4 P QL_ cavity\/Pt°Qt

caV|ty
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Optimum input coupling with beam

Optimumecoupling ; L _ 1 (1+ Pbeamj:i 1

+
Qin Qo I:)0 QO Qb eam

P

beam

>>P; Q. =0Q,..,, dependsonbeam current
adjustable coupling may be useful.

Q. <10’ is desireble for better RF control.
(boarder bandW|dth) f f=136Hz

— Q,=3x107

2 Qm Af = 22 Hz
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Calculation of Coupling by HFSS

q'

P ¢ [ Plot I : S Malrix Data
ex : -
i iny ]
. 5 : \

1] ||/
‘5 % ext

Magnitude (dB}

/

T S21

P Af. "'0

- n " " Jore .
\ 30\8 \ 30\9 1302 \302\ \ 3022 \3(]23 13024 13025 13026 \3027 \3(]28

Frequency (GHz)

External Q of Input Coupler

10" ———————————r ——

| —@— car g-inp} /g/

Po = I:)in o Pref o I:)ext ﬂ* \/ ef/ Qext /‘/
e'xt

ﬂin :ﬁ '(1+ﬂext) 1+\/Pref/ . e i

Q=2.0x10°
Lot = ext/Po Q, =Q, - A+ B, + L) P
10°

20 25 30 35 40 45
( ) p— P . ( ) P Antenna Tip (from Beam axis) [mm]
ext 0) 0] / ext T
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Measurement of Coupling (Q.,,) by N.A.

2-cell cavity with 2 input and 5 HOM couplers

nput-1 T 'Dinpl 1. RF-in through Monitor;
Q/’ﬂpl QL/ inpl1s P/anI P hom1-. P hom2: -
’gham.g Ph i Qinpl X P inpl ~ Q/npz X P inp2
hom3 __ o
P, HOM-3 QL i Qhom1 Qo 1 = QL ( Fp_2 +1)
o s LN AT vow- s
1
homa | Fo | Qo | ‘O Rro1 o
Phoma Ll HOM-2 Qo Q- (5= +1)
Q. , HomsL Qhomz inp_2
om
g hom5 ‘ homz 2. RF-in through Input-2;
homs 2.RF-in Q’”PZ QLI mplf P, 1 P hom1+ P hom2 + +
Input-2 'Dmpz mp] X inp1 = Qfx ’D
1 1 1 1 1
= - = P
QL Qinpl +Qinp2 QO Qt Qhorm Qhomz QhomS Qhom4 QhomS l: Qmp 1 mp - Qhom_l - L
I:)hom_l

Qinp, Rinpz < < Qo. Q1. Qhom1. Qpomz. .. QL Q,np . Q,np , Calibration of Eacc
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High Power Input Coupler (2)

RF measurement

Fabr'ica'rion Cleaning/ Aséembly
| - Pumping/Baking

V
$11=-42.5dB (1.3 GHz)

82 200

Design/Calculation

Conditioning at RT High power o‘per'a'rion
in cryomodule with beam

Condrhonmg at T AR
test stand CavuTy string assembly
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High Power Input Coupler (3)

Choice of Coupler Type :
Coaxial or Waveguide
Disk or Cylindrical Window
Single or Double Windows
Fixed or Variable Coupling

CW or Pulsed operation

Double Feed Couplers
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Coaxial or Waveguide

Wavegnide . input coupler Total length: 3.7 m

. . T4 HOM Absorber
HOM Absorber [4 LHe Transfer Line (L BP)

300 Lis [

Ion pump

300 Lis
Ion pump

FF 7777772777777 F 7T T 77 77 s

KEK-B Cavity (508 MHz) CESR-B Cavity (500MHZz)
with a coaxial coupler with a waveguide coupler
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Disk or Cylindrical Window

Tr'ista-'rype coaxial disk ceramics ﬁF-V input coupler for ILC
RF window with choke structure with cylindrical ceramic windows
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Single or Double Windows

CW Input Coupler for cERL Injector (Single Warm Window)
air cavity vacuum
—Qf_‘ . . .E: Ee— = = = = = I

H—' 1 @ Simple structure

® Suitable for cooling
® Assembly with cryomodule

Warm window

Pulsed Input Coupler for STF2 / ILC (Double Windows)
Warm wingow . Cold window *
Vi) sz ®

® Assembly in clean room
® Safety for window failure
® Coupler vacuum for cold window
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Fixed or Variable Coupling

1 cavity 10’ T T .
warm 300K window e | u. > ol prt " TTF3 > 8
] g \ ' Q.=2~10 x106
I ’
n' ; : =.: g i ‘ QL
e i
cold 70RNgindow Stro ke —e—C1/AES004
n P e e [Py = ]
waveguide part TWO bel lOWS +/ 1 O mm y : 22:;10((:1 1
(outer conductor) T
0 2 a 6 8 10
TTF3 Input Coupler for XFEL Number of Rotation
10?
STF2 Input Coupler for ILC " STF2 Q=2~4 x106
: &
L W:—r: S Q :
Y=\ ==7 —H l é -
F’"m'm ”“'_'_T""’”“”*"'”"’""“*z:" '''''' ":_l"_"_":'"l"’"' *"W'W"m'wl-msq‘ m'
| = L " I " —— A1/MHI-05 | |
= ! . - /) Gz ' S1‘r'oke —— A2/MHI-06
' one bellows t/- 3 mm = s
10° i i
(inner conductor) 1o te 0 226
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CW or Pulsed Operation

Cooling of inner conductor is necessary in ave. Py > 3 kW.

° HE B
Cornell ERL Injector Coupler (CW) |
. Compressed
80K Flange 300K Flange a[r‘ Coo |n 0 Al Injets
5K 80K Cold 300K Warm
Antenna  Intercept Intercepts / Window Intercept Window

]

/ § ,._r"‘
/ ______ ’
Cold "=|l=f

2K Flange Bellows

e |

water
cooling

) SOOI
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Double Feed Couplers

Vertical-type double feed Horizontal-type double feed
couplers for cERL Injector (KEK) couplers for ERL Injector (Cornell)

Power handling capability (1/2)
Suppression of coupler kick

by symmetry structure

Choice of vertical or horizontal
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High Power Input Coupler (4)

Design issues :

® RF Design

RF Power Dissipation
Thermal Calculation

Mechanical Analysis

Multipactor Simulation

Eiji Kako (KEK, Japan) SRF2013 Tutorial at Ganil, Sept. 19, 2013'

31




RF Design (HFSS) (1)

Coupling W.6G.
+ Cold window

L i = ' -.' ‘

o Doorknob
= + Warm window
+ Cold window

‘EJI\ IIE‘J

S_2:Slportlaml, porilml]imagh Plof | . S MC”TiX DCerl S_| :Elportiml, portlm) fmag) ‘ Plof | . S M(_‘]I'ri)( DGI'CI
0 = 0

| A=
| TS
N

wk . \ N

25 -50 | /

-0 E

Magnitude [dB}

Magnitude (dB}

60 [

S =12§5dBat1.36Hz | Sul= - 57dBat 1.3 6Hz

Frequency (GHz) Frequency (GHz)
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RF Design (HFSS) (2)

Doorknob Coax/WG transition

Warm
Window

Cold
Window

30um Cu plating
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RF Power Dissipation (MAFIA-T2)

Mafia calculation: RF losses >
_ 172)(10_2KEK STF-2 coupler (coax.part) MAFIA T2 simulation. ;l ] EE Eggigu
g [ ; 10° - — St.Steel
o= 10a0f S _
] 'U —
E'ﬁ [ o *:E1 0" 4
o 8010 S %
5t i
@ 38 o
:0 6.0x10 A V g 1074
10 L
frt L.
c By P
E 4.0x10 - 0
f% inner conductor E 10° : I : e
.g 270)(104-_ outer conductor Lt 0 100 200 300 400 1 K] 500
g >
(1)1 R TN I P S P A e wrer o M s e e + 10°
000 005 010 015 020 025 030 035 040 045 050 055 060 ;
z [m] o
| 8 s
| ——————— T
3 %
| T E
Material: Cu, k,=5.8%107 1/(Qxm) (300 K) 5 =10 —
Power Losses in the 70K ceramic window (W] §1 0
(€29.2, t95=104): Ppeq /P = 1.39x104 —_ Cu RRR10
300 m , Cu RRR100
E 10 — St.Steel
%15 K 80 K L —— Nb RRR380
2 K & st N SN N - — NG,
S — -1
10 =+—— 771 7 1 1 r [ T T T [ T 1 1 1]
{% ﬁﬁﬁﬁﬁﬁﬁ .L,_._.. '__ﬁ.___f:_. i__,_.._htl:'ﬁ,v__._,__.__-...I.._.:._:.,_...._.., 0 100 200 300 400 71 K] 500
I Ny — h i f——_‘ e
o [
¢ =Y ‘ | by D. Kostin (DESY)
STF2 input coupler
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Thermal Calculation (MAFIA-T2)

KEK coupler: Temperature distribution

300477~
WOE k%x_
B P =25k
X B ;
= 4 S1-G:
------ TIN
10 ------ TOUT
E STF-2:
] TIN
1 d TOUT
p i P I R W S—— —
0.0 0.1 0.2 0.3 04 05 z [m] 06
| == AL
| a1 |
°15K g0k 590
2 K f U = L[
[ : ! N =l == L
BN — =SE ——b ===

STF2 input coupler

inner conductor

outer conductor

400

Tour [K]

10

_| L IAANAAAARANA
4 J N | — —_—— —
1 i
[ P_[KW]
— o
— 1
2
— 3
4
5
00 0.1 0.2 0.3 0.4 05 z[m] o6
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Mechanical Analysis (ANSYS)

1800.2
1543
12858
1028.7

7715

514.34
257.18
0.015132 Min

Max
stress

IFMIF Coupler (CEA-Saclay / CPI Beverly) by H. Jenhani
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Multipacting Simulation

t ais [mm]

Fadis [mm]

Resonant process Comparison between MP simulation and
of electrons e- current measurement in TTF3 coupler
in RF structure . , : : e ]

L L L L L L L
=60 —40 =20 a 20 40 &0

2 ais [mm]

oo
1
“..“-.”-E“.J
4
|
|
A

Warm ceramic window l ] ‘ * ll ' r H
...................................................... with TiN deposition 1 1 I . 1 I
3 100 200 200 400 S00 00 fo0 qoo sou 1000
Plotia) Power [kW]

Cold ceramic window
wi(‘h TiN deposition
|

Order 3

Warm part

e
\ Cold part
—

2 iz [mm]

¥t Secondary Emission Coefficient

E- current {mA)

S

. 0 100 200 300 400 500 600 700 800 900 1000
E; B E; Electron El‘lEfg}:‘ Plot (b} RF Power (kW)

~100eV ~1000eV by H. Jenhani (LAL-Orsay)
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High Power Input Coupler (5)

Fabrication issues :

Ceramics Window
Metalizing
Brazing

Copper Plating
Bellows

TiN Coating

These are essential technologies for coupler fabrication.
But, the details are usually not opened
by fabrication companies.
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Ceramics Window

Al>O3 ceramics

Purity: i §

HA95 ~95% Metalizing by sintering e o A

HA99 ~99% of Mo-Mn paste Thermal cycle test by liquid N2 of
g*~9.0 ceramic-disks & thin Cu-plating.
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Brazing

Two steps of Brazing ; 15t brazing by Cu/Au-composition at ~1000°C
2" brazing by Cu/Ag-composition at ~800°C
Vacuum Furnace or Hydrogen Furnace

/,,_gj[%conductor: Outer conductor:
g/“‘ | anne )ed Cu (1.0t) annealed Cu (1.0t)
Cu/Au Brazing Cu/Au Brazing
Air side
7/

Al,Os ceramics
tan 6 = 0.0003~0.0001
P

i"; = 2; tan S (m’l)

TiN coating Vacuum side
by sputtering

ire

Mo-Mn Metalizing

« N ekt Mo-Mn Metalizing

+ Ni plating
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TiN Coating

Al,O; has a high SEC:

— coating of the surface on the
vacuum side 1s a must

* TiN has alow SEC and 1s a
stable composition

* Deposition processes are

— Sputtering KV
DESY

— evaporating

« Ammonia 1s used to convert the

T1to TiN

e® .
DESY = W-D.Msller, DESY in Hamburg

,’..

15th Intemational Conference on RF Superconductivity
Chicago, July 25 -29, 2011

W.-D. Moeller, DESY, Hamburg

Eiji Kako (KEK, Japan)
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Copper Platin

Eiji Kako (KEK, Japan)

Cu-plating
Samples :
SUS 1.0t
Ni-strike
0.2 um
Cu 5 um

after anneal
at 800 °C

in hydrogen
furnace

18pum Cu Plating

° CUszO7
* CuCN
* CuS0Oq4

SRF2013 Tutorial at Ganil, Sept. 19, 2013'

pi) (s} =0 o0 7o
| S 7 \

~ |

SUS316L
1.0t,

&2::\ Au annealed

Strike-plating
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High Power Input Coupler (6)

RF Conditioning issues :

Cleaning Procedure and Assembly
High Power Test Stand
Diagnostics and Interlocks
Conditioning Time at Test Stand
Cryomodule Assembly

Conditioning Time in Cryomodule
® Dynamic Heat Loads

Eiji Kako (KEK, Japan) SRF2013 Tutorial at Ganil, Sept. 19, 2013'
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Cleaning Procedure and Assembly

Ultra-pure water rinsing Low rinsing prying by ionizedai gun
with ultra-sonic agitation  with ultra-pure water

F g

o

Installation of cold parts Pumpin and leak-check RF measurements
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High Power Test Stand

8 pairs of STF2
input couplers
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Diagnostics and Interlocks

RF Power P, P,
Meter | \

Dummy

5MW
Klystron

g

Interlock

y i 3 Electron system
3 Electron — Probes

Probes

Gauge

Temperature i i

Sensor Monitor Monitor

Camera Camera

Observation
of multipacting
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Conditioning Time at Test Stand

8 pairs of STF2 input couplers

2013" Jan. ~ May

5 Hz
A 10us A
30us
Total Conditioning | 1-5MW 100ps Total Conditioning 1.2MwW
Time ~ (88 hours 500us Time ~ [108 hours
1500ps Y
Set-A. il.OMj/ ) Set-B. $O.8MW
0:00:00  12:00:00 24:00:00 36:00:00 48:00:00 60:00:00 72:00:00 84:00:00 96:00:00 0:00:00 12:00:00 24:00:00 36:00:00 48:00:00 60:00:00 72:00:00 84:00:00 96:00:00
N N
! eds . 1.2MW 1.2MW
T C itioni ol .
g'ral ondiioning Totral Conditiionin
Time ~| 74 hours )
Time ~ |82 Hours
\ 4 \ 4
Set-C ;I;o.ew\w Set-D $0.13MW
0:00:00 12:00:00 24:00:00 36:00:00 48'[][]':)0 60:00:00 72:00:00 84'00'[][]/ 96'00'00/ / / / j/ / / / /
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S1-6 Cr'yomodule Assembly (STF2 coupler')

Hanging under He-GRP 5K, 80I< ‘rher'mal anchor

Ins'ralla'rlon into Warm coupler assembly Attachment of

vacuum vessel doorknob WG
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S1-6 Cryomodule Assembly (TTF3 coupler)

“ 2 " ‘ L e
Transportation . ob 5 Welding of

with coupler NIRRT ' 2K-He pipe

Hanging under He-GRP

==

5K and 80K - e - T

thermal anchor Installation in assembly Waveguide
vacuum vessel assembly
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Conditioning Time in S1-6 Cryomodule

W 1Hz*20us W 5Hz*20us M S5Hz*30us MWSHz*100us M SHz*500us
144kw 500kw S00kwW S00kwW S500kwW

c1 h Tpala7.8eh

cz_

c3

ca

20 hr
Cryomodule-C

(four TTF3 couplers)
ave. processing time
~ 21 hours

Vacuum I/L ; 2.x10°* Pa

19.15h

M 5Hz*1.5ms

oo 0.5 ms, 5 Hz, 500 kW

-3

/! | e SurTi R IR =Y XM AL |

at Room Temperature;

1.5 ms, 5 Hz, 200 kW

Cryomodule-A

(four STF2 couplers)
ave. processing time
~ 13 hours ‘

W5Hz*10us W 5Hz*30us @ 5Hz*100us @ 5SHz*500us 5Hz*1.5ms

S00kW S500kwW 500kwW 500kW 200kW

13.36h

20 hr

TR

26.97h
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Dynamic Heat Loads (1)

Dynamic loss measurements in S1-G Cryomodule (2010
TTF3 STF2 TTF3 STF2

4C 4 A 4C 4 A 7

Date

Gradient

Dynamic
Loss

Detuned
Loss

Dynamic
Loss at
Cavity

Qo

Nov. 17 Nov. 19 Nov. 23 Nov. 24 Nov. 25 Nov. 26 Nov. 30 Dec. 2

28 25.2 32.3 38 32 32 32 20 .0

MV/m MV/m MV/m MV/m MV/m MV/m MV/m MV/m

Detune Detune

0.84 W 1.44 W 2.8 4.8 W 26 W 2.7 W

009W 0.18W < 18W  12W 0.2W

0.75W 1.26 W 2.0 29W 1.3W 25W
8.8E9 4.3E9 4.3E9 4.2E9

C1=22.2

C2=18.9

C3=14.9

Dynamic losses of KEK couplers was 9 times ci-s
larger than those of TTF3 couplers.

Dec. 3

26.9
MV/m

6.9W

25W

4.4W

A1=15.8
A2=37.6
A3=32.9
A4=21.4

Dec. 9

25.4
MV/m

9.6 W

26 W

7.0W

C1=25.2
C2=NA

C3=17.6
C4=28.8
A1=15.3
A2=37.4
A3=32.4
A4=20.9

7
Cavities

Dec. 10

20.4
MV/m

4.8 W

16 W

3.2W

C1=20.1
C2=NA

C3=14.1
C4=23.0
Al1=12.3
A2=30.4
A3=26.0
A4=16.7
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Dynamic Heat Loads (2)

Dynamic loss measurements in S1-G Cryomodule (2010
TTF3 Input Coupler

Temperature change during detuned 32MV/m

Module-C
P i ‘ : : ‘,m,?&[,m;mww;,_‘, 150 . ‘ 1011 u:),'vathnss‘CvAWﬁ '1 011/02/2:
20 p— Detuned ] 150 ] :: ]
p—_ operation at t s | F2 I 1 C I
G - 32MV/m o W E npu Oup er‘
g 15 ] @ ' ] .
] I N = e R iy Temperature change during detuned 32MV/m
5 ke £ 0 LA — Detuned _
S T o i ) T f\;m//j\f‘f . operation at ModulewA
5 7 ; P L " L, Operatinat oo o :

2 Time &

Temperature, K

For 30 min. operation, = ]
ATomeii=07K(123K>13.0k) & = 3 b & 4 i —
AT grre130=5K (116K->121K) N .

Cavity-A2

A

o

For 30 min. operation,
AT grea211=9K (10.3K->19.3K)
AT o11a230=10K (137K->147K)

Much higher temperature rises
were observed in KEK-STF2 coupler.
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Dynamic Heat Loads (3)

. 3 ! I I B Capture Cryoquule Capture Cryomodule
g 2 5 ZK hea_‘, load ! { B Dynamic loss (Detune) | MHI-12 cavity MHI-13 cavity
il 3 51-Global Cr'yomodul-z CapTuF'e Cryomodule 3 B < o
c <= > 7 =4
S 2L ] =1
8 s
15 L {. f ¥
-
> 1 E
E F 252 28
g 05 :_MV/m MV/m STF-2' (A) input coupler STF-2' (B) input coupler
S\ - SUS 0.8t +Cub pum SUS 0.8t + Cu 10 pm

i Capture Cryo. - MHI-12 Capture Cryo. - MHI-13

O . . e -
c1 C4 A3 A2 Capt. A  Capt.B 80K anchor
FNAL DESY KEK KEK KEK KEK ,

ILC Specification
<0.02 W (2K dynamic)

Thermal anchors with efficient cooling
are also important to reduce heat loads.

Cu3pum Cu3pm Cubpm

Cu 10 um 5K anchor
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High Power Input Coupler (7)

State of the Arts :

Pulsed coupler for XEFL/ILC
CW coupler for ERL

CW/HD coupler for Proton Linac
CW coupler for Low-f structure

CW wavegquide input coupler

High power performance
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Pulsed coupler for XEFL/ILC (1.36HZz)

2 windows, no cooling TTF3 Coupler (DESY) TTF-V Coupler (LAL)
STF2 Coupler (KEK) , — —

F s D
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CW coupler for ERL (1.36HZz)

cERL Injector Coupler (KEK)

Basic design
Cold wmdow vaeuum | VA wlndow

cavity ,
) o .-" Cu plate:30um H
= _%ﬁ] P Y e

e

Coupling

Waveguide
Antenna /® 4
Adjustmet i
Cooling

Gas
300K Flange

80K Flange
. Warm Bellows
V/ g\ - Cold Bellows
¥, . ’

2K Flange

/ Antenna

A | . ) k. cERL ML Coupler (KEK)
i 1 window, ¢ i Y O 2 windows,

water cooling 2 windows, air cooling N, gas cooling
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CW/high-duty coupler for Proton Linac

ADS Coupler (KEK) Project-X Coupler
SNS Coupler (ORNL) 972MHz (FNAL) 325MHz

805MHz

Project-X Coupler
(FNAL) 650MHz
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CW coupler for Low-f structure

SPIRAL-2 Coupler Spoke Cavity Coupler
(LPSC grenoble) for CADS (IHEP) 325MHz

|

®

< antenna

15.5 mm

~ 400 mm
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CW Waveguide Input Coupler

Original CEBAF 5-cell cavity (JLab) High current cavity for ERL/FEL
1.56Hz (JLab) 1.5GHz

Dogleg waveguide

N

1.56Hz, 2.5kW rectangular
WG RF window (TiO, ceramics)
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‘ High power performance of single-window couplers ‘

type

TRISTAN
/KEK

KEK-B
/KEK

ADS /KEK

SNS
/ORNL

SPL/Saclay

cERL-In;j.
/KEK

SPIRAL-2

IFMIF
BERLinPro

508 MHz Coaxial, Coaxial
Fixed disk
508 MHz Coaxial, Coaxial
Fixed disk
972 MHz Coaxial, Coaxial
Fixed disk
805 MHz Coaxial, Coaxial
Fixed disk
704 MHz Coax Fix Coax. disk
1300 MHz Coaxial, Coaxial
Fixed disk
88 MHz  Coaxial, Coaxial
Fixed disk

175 MHz Coax Fix Coax. disk
1300 MHz Coax Fix Coax. disk

1x10°

7x104

5x10°

1x106¢

bx10°

And
1x106¢

6x104
1x10°

test 200kW, CW
oper. 70kW, CW

test 800kW, CW
oper. 380kW, CW

test 2.0MW pulse
oper. 350kW pulse

test 2.0MW pulse
oper. 350kW pulse

test 1.2MW pulse

test 40kW, CW
oper. 10kW, CW

test 20kW, CW
oper. 12kW, CW

spec. 200kW, CW
spec. 130kW, CW



‘ High power performance of double-window couplers ‘

Facility Frequency | Coupler RF Qext Max. power
type window

TTF3 1300 MHz Coaxial, Cylindr. 0.1-  test 1.0MW pulse

/DESY Variable 2x107  oper. 350kW pulse
TTF-V 1300 MHz Coaxial, Cylindr. 3x10® test 2.0MW pulse
/LAL Fixed oper. - pulse
STF2 1300 MHz Coaxial, Coaxial 2-4x10° test 1.5MW pulse
/KEK Variable  disk oper. 450kW pulse
ERL Inj. 1300 MHz Coaxial, Cylindr. 0.9- test 60kW, CW
/Cornell Variable 8x10° oper. 40kW, CW
cERL-ML 1300 MHz Coaxial, Coaxial 1-4x107 test 40kW, CW
/KEK Variable  disk oper. 15kwW, CW

TT3-CW 1300 MHz Coaxial, Cylindr. 3.6x10° test 8kW, CW
/HZB Variable spec. 10kW, CW
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Summary

® High power input couplers are one of
the most critical components of a

superconducting RF cavity system.

® High power input coupler includes
varieties of key technologies in design,

fabrication, conditioning and operation.
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Part - ITI
Higher Order Mode Couplers
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Higher Order Modes Coupler (1)

. A charge passing through a cavity can excite
modes.

. The mode excited by bunches can seriously affect
subsequent charges passing through the cavity.

. If not sufficiently damped, they can lead to beam
instabilities and beam loss.

. Even without beam break-up, HOMs can degrade
the beam quality, leading to loss of luminosity or

loss of brightness.
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Higher Order Modes Coupler (2)

5. HOMs increase the cryogenic losses due to the

additional power dissipation in the cavity wall.

The HOM coupler/damper:

® must remove beam induced power from the cavity
in order to avoid resonant buildup of beam induced
voltage, and in order to avoid beam instabilities.

® Three types of HOM coupler/damper;

1. wavequide, 2. coaxial, 3. beam tube.
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Design Considerations
Waveguide HOM Coupler

. Coaxial HOM Coupler

Beam-tube HOM Damper

. RF Feedthrough
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Design Considerations (1)

CERN Type IT

CEBAF / CORNELL wave guide coupler

L

CERN Type IV

SACLAY 2 cell coupler

L

Kl -
H
1

/

—y |
= Y
CERN TypeIL

CERN Type I DESY 1.5 GHz version

=

I
/ 2777 VAT lfg

SACLAY loop coupler

SRF1989, by A. Mosnier (CEA-Saclay)
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Design Considerations (2)

Requirements for a HOM coupler:

Damping of all dangerous higher order modes.
Very small coupling with the fundamental mode.
Precise tuning of the filter; Qext >10!1,
Effective cooling of superconducting parts to
avoid excessive heating.

Simple design for easy cleaning to remove dusts.

Cost reduction.
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Design Considerations (3)

Requirements for a HOM damper:

Damping of all dangerous higher order modes.
Choice of broad-band absorbing material:;
Ferrite, SiC, AIN, Glassy carbon, efc...
Preferable operating temperature for cooling.
Efficient cooling method.

Low outgassing property in vacuum.

Reliable cleaning procedure for dust free.

Cost reduction.
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Waveguide HOM Coupler

Original CEBAF waveguide HOM couplers at 2K (JLab)

S | ' . .;. ‘o ‘ Rk -‘99?-“ ':‘ ‘. 5‘.\'.‘(
NE T =8
\ ,' - *fm"ﬂmflﬂvﬁ-‘ Wk
\ L i 4 =

- -

2 Pt

B. Rimmer, JLab -

® Cut-off frequency of WG:
no tuning in the high pass filter.

® WG flange to be far enough
from beam tube.

® Matching stub on beam tube in
opposite side.

Glassy-carbon ceramic AIN-based composites
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Coaxial HOM Coupler (1)

HOM Couplers for 1.36Hz TESLA 9-cell Cavity (DESY)

2 HOM couplers (welded) somiic A~
<Pioy> ~ few watts

’@'w' I o lit lu i
=

J. Sekutocz, DESY, Hamburg

1.3 Stop band

30 3
GHz
-90 4
T T T T T T T T T T T
s 4000 gy pipe  GO00 000

PMisiection | £, = 1/2x (L) ™0

Eiji Kako (KEK, Japan) SRF2013 Tutorial at Ganil, Sept. 19, 2013' 71




Coaxial HOM Coupler (2)

HOM Couplers for 508MHz TRISTAN 5-cell Cavity (KEK)
2 HOM couplers (demountable) ¢y ¥ “““

‘
B/

N\ “\\ r\\/*”‘\ :
h H1
W VI
! 8
I s e
S »and >Hop a!fL
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Coaxial HOM Coupler (3)

HOM Couplers for 972MHz ADS 9-cell Cavity (KEK)
2 HOM coup

e
b

=1 e 4

'\

9,

- = 14
& ?— OQuter conductor
-y - Liq.He ;-Inner conductor
o At n
- Cooling® 2
= —9 — -40 /
+ i 2
- o - § 1
— < -60
% Coolinggort /) ; 972 Stop band]
Coolingport_/ Output port -80 I MHZ :
Pick up antenna Beam pipe [ | 972MHz 1
100 %0 o o b L L
500 1000 1500 2000 2500 3000
Frequency [MHz]

E 73
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Coaxial HOM Coupler (4)

HOM Couplers for 1.3G6Hz STF 9-cell Cavity (KEK)
2 HOM couplers (welded)

HOM I-type

HOM L-type

«/ = . |
o o S T g fill it
. - | =
“t 4 . A | L
' ! . - : e EeraEs
o ) 7_ e
. R
it 4,7_—__‘_7__' i
-~ -/
& S L-type sz] [dB] HFSS — |-type $21[dB] HFSS
2 5/ .}} 2D ——L-type S21[dB] m rement —— |-type $21[dB] measuremen t
f‘A( tp»}'ﬁ'_\a - L-type filter characteristic I-type filter characteristic
AEBRE o f 0 T T T
Sl Rl B
-20 2.
_ N | |
g 5 | Vit
- f -50
- L,
0 -GHZ 20 GHz 3
1 2 3 4 5 6 1 2 3 4 5 6
frequency [GHz] frequency [GHz]

Two types of HOM couplers
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Coaxial HOM Coupler (5)

HOM Couplers for 1.36Hz cERL 2-cell Cavity (KEK)

2 HOM & 2 Input couplers

521 (dB)

S.

Loop type S21 (dB), measurement with boss
== Loop type S21 (dB), calculation without boss
----- Loop type S21 (dB), calculation with boss

1'386Hz | | | | |

1 15 2 25 3 35 4 45 5
Frequency (GHz)

3 HOM couplers
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Beam Tube HOM Damper (1)

HOM Damper for 500MHz CESR-B Cavity (Cornell)

Cornell CESR HOM Load

S. Belomestnykh, Cornell

* Ferrite absorber tiles
* Water cooled
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Beam Tube HOM Damper (2)

HOM Damper for 508 MHz KEK-B and Crab Cavity (KEK)

KEK-B

HOM Absorber
(SBP)

mil

i

i
f

J -
:

Im
| |
[ |

HOM Absorber
(LBP)

T

230

Water channel

HWE

150

@370

4mm-thick
Ferrite

Absorber (L)

G300

T.Tajima, KEK

L]
‘. e
| e
/ N, & o
m e
il

® HIP Ferrite absorber

® Water cooled

Crab Cavity

@ RF Absorber

~ 10 kW

Top View

>~ Input coupler

/ Magnetic Shield

Frequency Tuning

/ by Adjusting Distance

ey /;T =
Ve '\
Monitor Port

/

Stub Support

RF Absorber
~5kW
lmwm_a_cE

Coaxial Coupler 1.D.100
— j‘ =
Crab Reject Filter
‘ 11
| Main|He Vessel cHows

80 K LN2 Radiation Shield 'Syl

b Lig. He Vessel

H. Nakai, KEK
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Beam Tube HOM Damper (3)

HOM Damper for 1.36Hz ERL Injector and ML Cavity (Cornell)

Main Linac HOM Absorbers

40 to 80K intercept

5K intercept

SiC absorber ring
Shielded bellow  Prazed to metal ring

® SiC ring absorber
* Full-circumference heat sink to allow
: 2§r?1rsri::t:tdgt2 'r<nount at 40-80K >500W dissipation @ 80K
* Broadband SiC absorber ring
® Ferrite tile absorber * Includes bellow sections
* Flanges allow easy cleaning

® Cooled at 80K * Zero-impedance beamline flanges
R. Eichhom, Cornell

Flange to cavity

* 3types of absorber tiles
* One was charging up ® ® Cooled
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Beam Tube HOM Damper (4)

HOM Damper for 1.36Hz cERL ML 9-cell Cavity (KEK)

HIP ferrite model HOM
absorber
* Center part of HOM absorber before manufacturing Comb-type bridge .
and 80K anchor * HOM absorber located on 80K region

* Heat load of 150W/cavity is estimated for 100 + 100mA
electron beam with 3ps bunch length

* New IB004 ferrite is HIP bonded on Cu pipe

. — Original IB004 is used for KEKB HOM absorber
> * Outside: bellows, Inside: Comb-type RF bridge

4
ihiged HIP ferrite
‘

Y : V | "‘:.,iq

80K anchor
&
Beliows

Comb-type
RF Bridge

K. Umemori, KEK

® HIP Ferrite absorber
® Cooled by nitrogen, 80K
® Very slow cool-down speed
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Beam Tube HOM Damper (5)

HOM Damper for 1.36Hz XFEL 9-cell Cavity (DESY)

...........

TT """ String of 8 cavities in a XFEL module
2 HOM couplers on cavities

One HOM absorber per string | ;. sekutowicz, DESY, Hamburg

Beam Line Absorber Concept: 480
-BLA T1
Nominal beam with 27000 short bunches will generate HOM power of 3.9 W/CM 455 «BLA T2[ ]
450 + He the M
<0.27 W 0.74 M}/ 1.75 W g 1.08 W S m 5 propagating=3.6 W - ' \
| | | | 448 AN
[ | T T T 440
1 fo 10 100 1000 f[GHz]
\ _ 435
Wlom i s B S
pdes URdshedt /s Propagating Modes D00 300 BOD 800 1200 1500 1800 2100
The XFEL beam line absorbers suppressing propagating modes have capacity of 100 W, which time [h]
makes them suitable for large DF operations . 25
Absorbing ceramic ring HlnA0708 2
Q
) 51 5
g g
4 !
'S P o
g Bellows ~ 05
a Beam ~Copper stub
L - , 0 - -
b ooo0 300 BO0 €00 1200 1500 1800 21:00
= time [h]
=
oa . [J [J
E . ® Special ceramic ring absorber

® Cooled to 40-70K
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RF Feedthrough (1)

RF Feedthrough for 1.56Hz CEBAF-Upgrade 7-cell Cavity (JLab)

Cooling of HOM coupler, 34
Feed through

High heat conductivity feedthrough, ensuring thermal stabilization of Nb antenna

below the critical temperature (9.2 K) at 20 MV/m for the cw operation.

Jefferson Lab development for
the 12-GeV CEBAF upgrade

* | AL O, replaced by single
crystal sapphire directly
brazed to a copper sleeve

= higher thermal conductivity
* copper interface for 2K

|
*
-
.
-
:
T
1

connection
/282 |
. DESY  W-D. Moller, DESY in Hamburg 15th International Conference on RF Superconductivity
{ () Chicago, July 25 -29, 2011

W.-D. Moeller, DESY, Hamburg
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RF Feedthrough (2)

RF Feedthrough for 1.3G6Hz XFEL 9-cell Cavity (DESY)

Simulations:
\ Simulations:

carnax A Strahl

HISTORY: Bl e o S

CW test on cavity AC128 in the horizontal cryostat .5/ FLOM coupler body /‘

E,=16MVim

| Cavity: AC128 R R P =0.10W
est Fun Date -

SE+10- E 42315012009 [;Hy | 25822208 n e
”Jh;_\l\ T::[SK g 4 24 16,01 2009 m plot max. 0.05 A/m with 1 W input tube power
S| 127 19.01.2000 ’ﬁ m-mode: long time test, T=1.8K Figure 8: standard HOMC: magnetic field amplitude near loop,
. - - sk}
a 5 29 09.02.2009 e Wi FT 8% ba
Slissaine2z0a, = | iy i 10 T CRATORE /0 SOV OO T AV
£/ 53310022008 [~ s | HOM coupler feedthrongh ~ ] =
£ "
3 . ' M ' plot max. 0.05 A/m with 1 W input tube power
‘(3 I Irl.[J I I - Figure 9: new HOMC: magnetic field amplitude near loop/feed surfaces
. _ p
i . T
| = A Pr——
[ T - Simulations:
=
'n:—mode w"'z,loo w'?:,l\w |n'5!lw w"?z,lbo
1E+10-! K1 cernox HOWZ abel B/ TEMPERATUR EAV_3 TES T, 235/ TEWF
1 ll"?l.' [oernes HOMT Rabel] L TEMPERATUREAN 3, TES T, TR/ TEMF
i 6 HOM coupler feedthrough cable
E —
= - IO = HOMC antenna thermal load: 20mwW
14 = = T
. .
Heat load from HOM couplers / HOM couplers temperature increase 2
g I
S [P —
1. R ol |
10 s 1 MR M I 1 £ |
WHZ_"BS IU‘SZ.‘OS IO‘.GZ.'}B 10‘?2'59

D.Kostin, at.al, TESLA Type 9-Cell Cavities Continuous Wave Tests, SRF2009

Geometry change from old design does
not change the heat conduction/flow,
new design ais aimed to decrease of the
heat load at the HOMC antenna.

D. Kostin, DESY, Hamburg

Figure 20: ANSYS thermal simulations. AN =
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RF Feedthrough (3)

RF Feedthrough for 1.36Hz cERL 2-cell Cavity (KEK)

r

Type-0 (i.c: Kovar, o.c: Kovar) Type-l (i.c:Mo, o.c: Kovar)é

CCavity -2:CW-—
. — |

‘ = / HOM_ N nron
' By K. Watanabe i feedthrough— "¢
"Quench t t '
b - . d 11 Cu Thermal anchor e ————
Type-ll (i.c:Mo, o.c: Cu) > - Cu —— HOM-fop ——|
Connection S P -

Sus

20 on 2 4 0w

Nb : .
\%\-—— Pin type , Cavity -2 : CW Tnput-5US
> v/ a8 // 4

77 e ‘ ﬂ

ST —

—_—

AlO, [ic. " Input-Nb \.
5 ALO, 5MV/m

window Sapphir‘e

o 01 202 2on o e

No.3 Cavity (50 ms, 2 Hz,
HOM- ’

—t

WB e U@ v Un e e ww s

Eacc at

No.3 Cavity (10% Duty)
antenna quench

HOM-1: 4 MV/m
HOM-2: 6 MV/m
HOM-3: 3 MV/m
HOM-4: 15 MV/m
HOM-5: 3 MV/m

" Cavity -3 : CW

wom [ |
feedthrough |/~

I i)_:\'»,_—.
.. Quench h HONIH .

Quenc
. Cavity -3 : CW
Input-SUS

' Inpru‘r -Nb

8.1MV/m

we  nw  nn on®  nw ne

£ 202 0

No.3 Cavity (CW)
HOM-1: 17 MV/m
HOM-2: 2 MV/m

HOM-3: 1.7 MV/m

HOM-4: 5 MV/m
HOM-5: 3 MV/m

et sekduvim)
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Summary

® Higher order modes couplers are one

of the critical components of a super-

conducting RF cavity system.

® Higher order modes coupler includes

varieties of key technologies in design,

fabrication, conditioning and operation.
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I would like to acknowledge to all colleagues,
who have contributed to this talk.

END

Thank you for your attention.
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