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Introduction (1)

Circulator . :
@ o RF Transmission Line

High Power Input Coupler
Load “

Beam —

Cavity

RF Power Source

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)

He Tank
HOM Coupler

Monitor Coupler

e'/e’ (5K)
HOM Coupler Magnetic i (80K)
9-cell Superconducting Cavity Shield ¥ (Vacuum)

(300K) (Air)

Frequency Tuner

@put Coupler

Cavity package of STF 9-cell caV|ty at KEK for ILC
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Introduction (3)

RF Transmission Line

x \

HOM Coupler ‘ L oad

HOM Absorber
_/\@ 2
— i,
\ / \mmacl

The primary role of the HOM coupler/absorber:
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.
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Introduction (4)

He Tank
HOM Couple

Monitor Coupler

---=> % b * B >
e/e T , i
@OM Co@ Magnetic . AHOED
9-cell Superconducting Cavity Shield ¥ (Vacuum)

Frequency Tuner

Input Coupler
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Introduction (5)

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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Introduction (6)

High Performance

High Reliability Low Cost

Harmonized System Designh Concept
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Introduction (7)

- ® Particle Physics
@ pumd Accelerator ® Material Science
® Medical Application

® Transmutation
® Material Irradiation

High Power RF
Source
Low Level RF
Control

Input Coupler
HOM Coupler
Frequency Tuner

Superconducting Cavity
System

Cavity Fabrication
(Forming, EBW)
Surface Preparation
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Superconducting RF Cavity System
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My old experience on Input Coupler (1)

Input coupler with
one warm window

In the initial stage,
no TiN coating
no Arc sensor

4

Importance of
TiN coating and
Interlock system
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My old experience on Input Coupler (2)

cERL injector

1.3 GHz,
40 kW, CW
input
coupler
1.3 GHz, 500 kW
pulsed input coupler
Cracks due to thermal strain at 80 K Excessive heat-up at coaxial parts
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My old experience on HOM Coupler (1)

About 30 years ago in TRISTAN at KEK;

Lig. He qu_fﬂgneti:: an
[ B R [Ty sosmHg,
_ \ e s at | A A
;::.n.,.\ e ] \1:,5“' h i\ H'_i coaxial antenna type,
TV wuupici i | - :
/ \‘ﬂm.j - !,th,.n...:.:.nﬁr—,,n_n_n,_: Cave coupled E-field,
= - = HOM coupler
| | : ' made of niobium
L | a
\ Ceramic | —- ‘
\ TR /// Disk
\ C"i |, e Insutation |° Air
B Vacuum
! )
\\ / T T A‘ T
/
I
|

l:_% Cavny Vacuum 7/ o 100 200 (mm)
8 L

® heatlng due to multipacting

® not an efficient cooling

® shift of a rejection frequency

® passing through of accelerating RF power
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My old experience on HOM Coupler (2)
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Contents of Lecture

2. High power 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
powetr.

3. may need to be an adjustable coupling.

4. has to minimize the heat transfer from 300 K to 2 K.
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from coupler design to stable beam operation

f
\
/
{
- \ /
i |
\
|
1 \
- 1
$11=-50. dB (1.3 GHz) »
E // o=

-

\/ \ ,
i . Cleaning/Assembly
Design/Calculation Pumping/Baking

Conditioning at RT High power operation

e - in cryomodule with beam
Cavity string assembly

Conditioning at test
stand
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TRISTAN-type High Power Input Couplers at KEK

972 MHz J-ADS
Input Coupler (KEK)

Original design :
508 MHz TRISTAN Input Coupler

i * -‘I‘ . .‘.
e B 3
5 - N

S. Noguchi, E. Kako, K. Kubo h = g
(4th SRF-WS, 1989 ) 1.3 GHz STF-1 1.3 GHz STF-2

Input Coupler (KEK) Input Coupler (KEK)
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TRISTAN-type RF Windows

Tristan-type coaxial disk ceramics
RF window with choke structure

RF windows after 1% brazing
Canon

CANON ELECTRON TUBES & DEVIGES CO., LTD. Al,O, ceramics with metalizing
B CW input couplers with TRISTAN-type RF window in many projects

.4\‘ / ¥

SNS, 805 MHz CEA, 704 MHz IBS-QWR, 81.25 MHz MSU-HWR, 322 MHz HZB, 1.3GHz

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th

20




High Power Performance of TRISTAN-type Couplers

Facility Maximum RF Power
Coupling

TRISTAN /KEK 508 MHz 1, Coax. Disk  Test-stand, 200 kW, CW
Fixed Operation, 70 kW, CW

KEKB /KEK 508 MHz 1, Coax. Disk  Test-stand, 800 kW, CW
(T. Mitsunobu) Fixed Operation, 380 kW, CW
J-ADS /KEK-JAEA 972 MHz 1, Coax. Disk  Test-stand, 2.0 MW, pulse
Fixed Operation, 350 kW, pulse

cERL-Inj. /KEK 1300 MHz 1, Coax. Disk  Test-stand, 40 kW, CW
Fixed Operation, 10 kW, CW

cERL-ML /KEK 1300 MHz 2, Coax. Disk  Test-stand, 40 kW, CW
(H. Sakai) Variable Operation, 15 kW, CW
STF-2 /KEK 1300 MHz 2, Coax. Disk  Test-stand, 1.5 MW, pulse

Variable Operation, 450 kW, pulse
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Important Technical Issues for Input Couplers

Ceramics window : material, purity

Metalizing of ceramics

Copper plating : thickness, RRR, adhesion, pits, uniformity
TiN coating : thickness, uniformity

Joining by Brazing

Welding by TIG, Laser, E-beam

RF properties

Thermal characteristics
Mechanical analysis
Multipacting simulation

Cleaning procedure
Assembly in clean room

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th




N o U A W N e

Contents

. Coupling to a cavity

. Choice of Coupler Type

Design Issues
Fabrication Issues
RF Conditioning Issues

Trouble shooting

. State of the Arts

SSSSS




Contents

N o v R W R

. Coupling to a cavity

. Choice of Coupler Type

Design Issues
Fabrication Issues
RF Conditioning Issues

Trouble shooting

. State of the Arts

Eiji Kako (KEK, Japan)

Tutorial Lecture in SRF2019 at HZDR,
2019 June 27th




External Q Values (1)

A typical conceptual structure of an SC cavity with an input coupler port, two higher-
order mode (HOM1 and HOM2) ports, and a monitor coupler port is shown in Figure. An
input coupler is used for suppling RF power from a power source into the SC cavity.
Harmful RF power induced by beams is extracted by HOM couplers. The purpose of the
monitor coupler is to estimate the accelerating gradient in the cavity.

Circulator

@ )
T Input

RF Power Source
Pref i

HOM2

P9 Load TP;,O,,,Z
f o Q/’n Q/vomz
Cavity <= = === Beam
|
P beam
Monitor
Promi  HOM1 l P,
Qhom] Qf

External Q value of a cavity with a beam. Q,,, Q1 Quom> @Nd Q, are the external Q values
of the input coupler, the HOM1 coupler, the HOM2 coupler, and the monitor coupler,
respectively. RF power from the input coupler (incident and reflected), the HOM1 coupler,
the HOM2 coupler, and the monitor coupler are represented by P, P,.¢, Ppomis Promz @nd Py.

n’
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External Q Values (2)

Cavity RF loss (P,) in an SC cavity is usually negligible as it is smaller than the beam

power (P,,,). Therefore, the following condition holds for the generator power (P)
from an RF power source:

P, =~ P,

. >> P, (1)

eam

(This is one of important advantages in SRF cavities.)

This condition states that almost all of the generator RF power is dissipated for beam
acceleration. A sum of the power balance from each port of the cavity shown in
Figure (p25) can be expressed by the following equation:

Pin_Pref=P0+'Dbeam+Pt+Phom1+Phom2 (2)

Furthermore, the following relations of the external Q values are desirable in the
optimum design of each coupler:

Qin << QO << Qt ’ Qhoml ’ Qhom2 (3)

Tutorial Lecture in SRF2019 at HZDR,
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Coupling Factor of Input Coupler (1)

The external Q value (Q,,) of an input coupler can be determined by using the following
RF parameters:
R/Q: Impedance of accelerating mode [(2]
Lequir,s Effective cavity length [m]
W: Energy stored inside the cavity [J]
Z..irys Constant parameter given by R/Q and L
Q,: Unloaded cavity quality factor
V.. Cavity accelerating voltage [V]
lpeam: Beam current [A]
¢: Beam phase

cavity

® Accelerating gradient (E,_)
AR/ /
Eacc = L—Q'\/ (()W — anvily })() ) QO )
cavity
® Cavity RF loss (P,)
p= 5)

Oy
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Coupling Factor of Input Coupler (2)

® Beam power (P, )

})beam beam V COS¢
beam E L cavity . COS¢
® Generator RF power (P))
Pg:PO+Pbeam+Pref

Here, the following conditions are assumed:
P,.s= 0 (no refection),
P, = P;, (no RF loss in transmission lines),
PO + Pbeam >> Pt' Phomll PhomZ'

® Coupling constant (3)

(6)

(7)

IB:£:1+ beamE%
R RO "
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Coupling Factor of Input Coupler (3)

1 1 1 1 1 1
QL Qin QO Qt Qhoml Qhom2

0, =0, (10)

In this case, the following condition holds: Q;, << Q, << Q;, Qo1 Qhomz-
Therefore, the loaded Q value (Q,) can be described as follows:

® |oaded Qvalue (Q))

_ Qo 'Po ~ Qo (11)
Pbeam ﬂ

When an actual beam operation given by E,.. =30 MV/m, I, =10 mA, L, .., = 1.0 m,

P,=100 W and Q,=1.0 X 10%is considered, the following quantities can be obtained:

O,

From Eq. (6) =2 P,.,, = 300 kW, (in the case that ¢=0),
From Eq. (11) = Q,,=Q, =3.3 X 106,
From Eq. (8) —> A= 3,000.
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Coupling Factor of Input Coupler (4)

Therefore, in the case of the matching condition (P, = Pp,,.),
® Optimum coupling (Q, = Q;, << Q, ):
V
0, = ‘ (12)
(R/Q) ‘[beam ‘COS¢
® Required generator RF power (P,), in the case of no refection (P, =0),
P = I/cz 1+1beam'(R/Q)'QL.COS¢
: 4‘(R/Q)°QL Vc (13)
® In the case of no beam current (/,,,,, = 0):
JR/O
— — 14
acc I \/4PgQL _anvily PtQt (14)

® |n the case of the optimum conditions:

1 1 P | 1
= ]+ —beem 1= — 4 (15)
Qin QO 1)() QO Qbeam
Tutorial Lecture in SRF2019 at HZDR,
2019 June 27th
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Coupling Factor of Input Coupler (5)

Therefore, the optimum coupling factor of an input coupler is strongly dependent on the

beam current:
])beam >> })O 9 Qin — Qbeam (16)

In light of these results, it can be seen that a variable input coupling is preferable for

minimizing the reflected RF power from the cavity in an SC accelerator in which the beam
current is frequently changed.

The bandwidth of the resonant frequency (A4 f) is given by:

Af=£ (17)

Accordingly, in the case of the following Q,, values, the bandwidth can be calculated as follows:
f=13GHz,Q,=3x10" = Af=22Hz,
f=13GHz,Q,=3x10° > Af=220Hz,
f=13GHz,Q,=3x10> > Af=2.2kHz.
The bandwidth is an important parameter in achieving stable beam operation. A preferable
coupling factor for the input coupler for a stable frequency control is as follows:

Q, <10’ (18)

SRF 19



Calculation of Coupling Factor of Input Coupler (1)

A model copper single-cell cavity with an end-cell shape is shown in Figure in order
to guide the design of the coupling factor between a cavity and an input coupler.
The relationship between the external Q values of the input coupler and the
location of the antenna tip is calculated using HFSS code . One example of the
calculation results is shown in Figure (P33).

|i‘” N
i
|| I

A model cavity for the calculation of external Q values of an input coupler: Here, L is
the distance between the cell end and the coupler center, and T is the space
between the beam axis and the antenna tip of the input coupler.

Tutorial Lecture in SRF2019 at HZDR,
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Calculation of Coupling Factor of Input Coupler (2)

=:

— e Plot | : S Matrix Data

P
S'j ] P,, =0dBm =1[mW]
M1 Nip /L 5
g 1IN Prep = 1010 - Py [W]
3 Av]
/ Sog [T Pexe = 1010 - Py, [W]
09 AR 02 a2 13023 Pfef~0 “““ 12027 13028 QL B E

One example of calculation results using HFSS. Here, S, ; is the reflected power from the
cavity, and S, is the transmitted power through the cavity.

The values of §,;, S,; and 4 f (bandwidth of P,,,) are given by the calculation results.
The input power (P,), reflected power (P,), transmitted power (P,,), and loaded Q
value (Q,) are obtained from Figure. The cavity RF loss (P,) and unloaded Q value (Q,)
are calculated from Eqs. (19) and (23), respectively. Finally, the external Q value (Q.,,)
of the input coupler is estimated by Eq. (24). The result of the external Q values as a
function of the location of the antenna tip is shown in Figure (P35).

Tutorial Lecture in SRF2019 at HZDR,
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Calculation of Coupling Factor of Input Coupler (3)

])0 — 1)111 B Rfef })ext (19)

5 1+\/ > /P, N
1+\/ ver | Fi

B, =B -(1+8,) (21)
Bew = Fou | F, (22)
0,=0,-0+0,+0..) (23)
O..=F,-0,/P., (24)

This calculation method using these equations is just the same as the VT measurements.
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Calculation of Coupling Factor of Input Coupler (4)

External Q of Input Coupler

SO W SO, JUU. AV U . SO, JUU VN, U S SO U SV, SO SO SO o, SO
.| ~@—Cal. Q-inp. /
o~
=
Xt
/
/( Tarset:
el ’
QETOX107
/ at 32 mm
¢ =84 mm
L=58 mm
105 " " F " " " " " | " " " " 1 " " " " " "
20 25 30 35 40 45

Antenna Tip (from Beam axis) [mm] T

External Q values (Q.,,) as a function of the location of the antenna tip (7).
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Calculation by CST-MWS

P (kW)

Calculation of Coupling Factor of Input Coupler (5)

® Required generator RF power (P,) : input coupling (Q,), frequency shift (O0f)

— Vazcc Qe R ]b 2 5f R Ib i 2
" RO (HQO iy, ¢) +£2QL r 0. ” (29
O

Bcoupler=18 mm
Rcouplar=35 mm

Lip=10 mm

Enlarged antenna tip

- 325 MHz HWR to enhance strong coupling
R/Q =198 Q

@, = - 30 degree
— V,.=0.66 MV o® 10°
I, = 100 mA

depth: 0 ]
Qe: 2.0x104

Tutorial Lecture in SRF2019 at HZDR,
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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

Waveguide, input coupler . 1 length: 3.7 m

HOM Absorber LHe Transfer Line HOM Absorber

- (LBP)

300 Lis
Ion pump

FFFTF 77777777777 77 77777777 7

KEK-B Cavity (508MHz) CESR-B Cavity (500MHz)

with a coaxial coupler with a waveguide coupler
L B
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Disk or Cylindrical Window

Tristan-type coaxial disk ceramics TTF-V input coupler for ILC
RF window with choke structure with cylindrical ceramic windows

Tutorial Lecture in SRF2019 at HZDR,
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Single or Double Windows

CW Input Coupler for cERL Injector (Single Window)

anr M cavity vacuum

ﬁgf_‘ . = E‘ g
7 _ — = = = = = )
H_. =T ® Simple structure
| ® Suitable for cooling
Warm window ® Assembly with cryomodule

Pulsed Input Coupler for STF2 / ILC (Double Windows)

. @
Cold window ®

o e

i [ ——
k- z:‘:}'/'//./::.:/l. |

pmm = g —— e e —— e Fr‘-'!-!--!"rr-r-rl—'-r“--_-/}—

o L=

lL T cavity vac:uﬁ]'n

H 'Lf///f L : .
| ® Assembly in clean room

® Safety for window failure
® Coupler vacuum for cold window
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Fixed or Variable Coupling

warm 300K window

©

{Q

S

t 10
waveguide part

STF2 Input Coupler for ILC

) ) Z
s
A A ) s i
7
.////// '/- 7

- cavity
warm part T J\
- = —_—>
1 7 i s
cold 70RNgindow Stroke
two bellows +/- 10 mm

(outer conductor)

TTF3 Input Coupler for XFEL

.Q}
ol
_ * Vi

=5 Ii; =

one bellows

(inner conductor) - +/- 6 mm

~ Stroke

+/-3 mm

10’

L=v~10,(1()6

—8— C1/AES004

——C2/ACCO11
—&—C3/Z108
—&—C4/Z109

4 6 8
Number of Rotation

10

- STF2 Q,=2~4 x10°

—— A2/MHI-06
—i— A3/MHI-07
—=— A4/MHI-09

——A1/MHI-05 |_|

18 20 22 24

26
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CW or Pulsed Operation

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

° HET  ELE
Cornell ERL Injector Coupler (CW) ; compresss
80K Flange 300K Flange a | r COO | n Alr Iniets
5K 80K Cold 300K Warm
Antenna  Intercept Intercepts / Window Intercept Window
HE

van 8 _
c MI_IH_I\_II_MIIIIII- -||||h||p|m||\|| Al air cooling
e == -’| = -

/ _J._r"‘.
/' T
Cold = I=BE

2K Flange Bellows

Outlets

COOIing er Cooling

KEK cERL Injector Coupler (CW)
N I

— water
cooling

e

2K 5K 80K 300K
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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)

® Suppression of coupler kick
by symmetry structure
® Choice of vertical or horizontal

Tutorial Lecture in SRF2019 at HZDR,
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Design issues

® RF Design

® RF Power Dissipation
® Thermal Calculation
® Mechanical Analysis

® Multipactor Simulation
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RF Design (HFSS) (1)

Coupling W.G.

+ Cold window

Doorknob
+ Warm window
+ Cold window

$_2 :Slportlml, porilmllimag

Flot | : S Matrix Data

L Slport ol o Plat 1 : S Matrix Data
0 0p
; i L
-0 % -20 i \ / \
E L T o \ AN
= E = : /
-50 i
=20 g -B0 %
511 =-26.5/dB at 1.3 GHz 511 =
_36\2I225\25\275I3\325\35\375\A 770\ """ Y
Frequency {(GHz)
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RF Design (HFSS) (2) |

Doorknob Coax/WG transition

N Warm
U Y wWindow 0.6t Cu / spinnin

SIS SIS
ez

N
NN N
N

%

L 1,

Yrrlle Ay %
C_

Cold
" Window

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th




RF Power Dissipation (MAFIA-T2)

Mafia calculation: RF losses

>n
P
' ) ) ) Cu RRR10
_ 1_2)(10_2KEK STF-2 coupler (coax.part) MAFIA T2 simulation. ; Cu RRR100
£ - . - 1o° - — St.Steel
= i by D. Kostin (DESY) L
o 1.0x10°F 5 _
N 'U —_—
2@ [ c E .
& =i o 3
o 80x10% o S
g — =
& 6ot O
2" : V ﬂ 1074
= <
2 L
o 40x10F Y
[ 3
% 3 inner conductor & B
L — 10 T LI T L B e |
v oo outer conductor Ll 0 100 200 300 400 T K] 500
E L
L >
« (1] I TN Y P . S " e v T s s e + 10°
000 005 010 015 020 025 030 035 04 045 050 055 060 ;
z [m] ol
| £ S
| ——————
| T E
Material: Cu, k,=5.8x107 1/(Qxm) (300 K) g ;1 o’ —
Power Losses in the 70K ceramic window v o=
(e=9.2, tg5=10"): Poee win/Pin = 1.39x10* — Cu RRR10
s . Cu RRR100
E 10 — St.Steel
&|5 K 80 K E —— Nb RRR380
2 K . i} —'—'—'—'—"—uﬂ - A|201
|:_Il)_1|'"'|""|""|""|""|
l & 0 100 200 300 400 T K] 500

i To reduce dynamic loss,

STF2 input coupler

high RRR Cu-plating is preferable.

Tutorial Lecture in SRF2019 at HZDR,
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Thermal Calculation (MAFIA-T2)

KEK coupler: Temperature distribution 1
4003
300477 s ==—"1 1
““"‘ ﬁ ] \
S 3 \ -
100+ cE
] (=) ',_E
P =2 5kW o ]
< ; e o
— y S1-G: c
------ T -
N 1004
10 | S (N S A N TOUT L]
] STF-2: -
] TIN C
- . by D. Kostin (DESY) | — Tounr S 1
e A — U ]
0.0 0.1 0.2 0.3 014 0l5 z [m] 06 _g < |
| ==t § - ! 1 _”;j:E__ R
| | C 1w I 0
o — 1
%] 5K 80K 300K, 5 3
2KH? NS % © :
T | B e L R e B AR R A

% = L “:“ NS — it s , 0.0 0.1 02 0.3 04 05 z[m] 06
- I‘-— =—J == r""— x !

T H_‘ SN . E To reduce static loss,
STF2 input coupler == thin and low RRR Cu-plating is preferable.
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Mechanical Analysis (ANSYS)

stress

0.015132 Min

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

=
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Multipacting Simulation

v amis [mm]

v axis [mm]

. L L L .
=20 a 20 40 =)
2 axis [mm]

L L
-6 —40

Resonant process
of electrons
in RF structure

Warm ceramic window
/wim TiN deposition

Cold ceramic window
with TiN deposition

Warm part
Cold part

\_\

Comparison between MP simulation and
e- current measurement in TTF3 coupler

: : : A Py :
zwmm [ M
Illllinn:l:nll IIUHI: lhl aj:u | 4;:'1: stim Ili'm Il.ﬂim nrilt:ll nj:nn 1000
Fowar [EW]

E- current {ma)

Order 4 Order 3

[ 100 200 300 400 S0 G040 L] B0g Q00 1000
o - E Electron energ}:— Plat{b} RF Power (kW)
~100eV ~1000eV by H. Jenhani (LAL-Orsay)
. I . I' r
i Kako (KEK, Japar) Tutorial Lecture in SRF2019.at HZOR, A 52
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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

Eiji Kako (KEK, Japan)

by fabrication companies!!

Tutorial Lecture in SRF2019 at HZDR,
2019 June 27th




Ceramics Window

Al;03 ceramics Metalizing by sintering

Purity; of Mo-Mn paste

HA95 ~95%

HA99 ~99% Dielectric loss: 1~6 x 10 (1MHz) Thermal cycle tests by liquid N, of

£¥*=9.0~9.8 |Losstangent=tan § = (¢”/¢) ceramic-disks & thin Cu-plating.
Eiji Kako (KEK, Japan) Tutorial Lecture in SRF2019 at HZDR,

2019 June 27th =




Brazing

Two steps of Brazing ; 1t brazing by Cu/Au-composition at ~1000°C
2"d brazing by Cu/Ag-composition at ~800°C
Vacuum Furnace or Hydrogen Furnace

ner conductor: Outer conductor:
zaled Cu (1.01) annealed Cu (1.01)
Cu/Au Brazing Cu/Au Brazing
Air side

Al.Os ceramics
tan & = 0.0003~0.0001

Bow _ 27 100 5 (m'l)
P A
————————————————— 0
TiN coating Vacuum side ire
by sputtering
Mo-Mn Metalizing Mo-Mn Metalizing

+ Ni plating

+ Ni plating

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th
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TIN Coating

* Al,O; has a high SEC:
— coating of the surface on the
vacuum side 1s a must

 TiIN has alow SEC and 1s a
stable composition

* Deposition processes are
— evaporating DESY

« Ammonia 1s used to convert the

e ® -
DESY  W-D. Moller, DESY in Hamburz 15th International Conference on BF Superconductivity
g ) Chicago, July 25 -29, 2011

Tutorial Lecture in SRF2019 at HZDR,
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Copper Plating (1)

Cu-plating
Samples :
i SUS 1.0t
Ni-strike
0.2 um
Cu5um

‘ after anneal

at 800 °C
in hydrogen
furnace

\
N\

18um Cu Plating SUS316L
* Cu,P,0, OZum 1.0t,
e CuCN Ni or Au annealed

e CuSO, Strike-plating

=
Tutorial Lecture in SRF2019 at HZDR, .

2019 June 27th

Eiji Kako (KEK, Japan)
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Copper Plating (2)

Quality control (adhesion) Quality control (RRR measurement)
@ ‘ [y

Cu Holder

Cu plating on SUS-316L SUS-316L (removal of Cu)

60um

x107]7 1
—_ — g
£
g §
= =z 6
= =
160um 90um = .._-
)li‘ % % N 10 um ||
n'd o A 20 um
® 30 um 3 + 30 pm -
9 . . . . . : . . . . A
1073 100 200 300 0 700 200 300
Temperature [K] Temperature [K]
Tutorial Lecture in SRF2019 at HZDR,
Eiji Kako (KEK, Japan) HrorlarLecturedn . 59
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Copper Plating (3)

Sample tests of Cu-plating

Comparison between before/after HT

106 after 800°C HT
(1).52;m Ag 0.2 um Au 0. :
9 um Cu i
o 5.9 um Cu 2 = //f/
257 du,POS G 107 =g ]
z
: % i no HT
0.2 um Ni 0.2 um Ni 0. 2 \ % 10-85 / before HT after HT
F / ®e10um @10 um
41pmCu 6 gum cu 1o7umCu29"“”‘"Cu © o *20um  *20um
-9 . . X N N
1075 100 200 300

Temperature [K]

Plating Target Measured Strike Solution for 10 —m———————————————r
vender thickness thickness platlng copper-plating [| m Before HT
r |
A 20 um 15.9 um Copper-Pyrophosphate [| @ After HT (hydro Q en}
80H
B X 5 um 5.9 um Au Copper-Pyrophosphate | @ After HT (vacuu
€ X 20 um 20.7 um Ni Copper-Pyrophosphate I befo re H r
D X 5um 3.9 um Ni Copper-Pyrophosphate 3:: 60 L [
|
E Y 5 um 4.1pum Ni Copper-Cyanide o i - m .
F Y 20 um 6.8 um Ni Copper-Cyanide 40 | n
G 2 10 um 10.7 pm Ni Copper-Cyanide [ u .
H z 35 um 29.1um Ni Copper-Cyanide 20} i m arte 3005’;@"“1-‘
| v 10 um 13.7 um Ni Copper-Sulfate [ u ® ' .
J Vv 20 um 19.3 um Ni Copper-Sulfate 0L o
. . 0 5 10 15 20 25 30 35
K v 30 um 31.1um Ni Copper-Sulfate Thickness [um)

Tutorial Lecture in SRF2019 at HZDR,
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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

SSSSS




Cleaning Procedure and Assembly

-

|l

N

.\\\

-

, § i

Ultra-pure water rinsing with Low prsure water rining with Drying by |on|zed air gun

ultra-sonic agitation ultra-pure water
D = 4
o dast BN

—

Installation of cold parts Pumping and leak-check

Tutorial Lecture in SRF2019 at HZDR,
Eiji Kako (KEK, Japan) 2019 June 27th




Diagnostics and Interlocks (1)

RF Power P, P,

Meter SMW
Dumm
Load Y Klystron

G‘c Sensor

3 Electron Probes

Probes system
Vacuum
Gauge
Temperature Cold side)
Sensor Monitor Monitor
Camera Camera
Observation

of multipacting

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th




Diagnostics and Interlocks (2)

Vacuum I/L system is not a fast response to shut-down RF power;
(several tens ms) = cause a fatal damage to the RF windows

Arc sensor I/L system has a sufficient fast response. > a few s

Arc sensor modules for STF at KEK

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th
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Conditioning Time at Test Stand

4 pairs of STF2 input couplers 2013’ Jan. ~ May
5 Hz
A 10us 4
30us
Total Conditioning | 1-5MW 190y Total Conditjoning 1.2MwW
Time ~ 88 hours 500[Ls Time ~|108 hours
Y v
1500us
Set-A. $1-°'\w / 3 Set-B. $O.BMW

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

A A
Total Conditioning 1.2MW Total Conditioning 1zMw
Time ~ 74 hours T‘i[me ~ 82 hpurs
\ 4
Set-C. i”"""", Set-D. fosmw
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 / / / f /f / /

0:00:00 12:00:00 24:00:00 360000  48:D00:00 Gi0-00:00 F2O0000  E400000 S6:00:00

Tutorial Lecture in SRF2019 at HZDR,
Eiji Kako (KEK, Japan) 2019 June 27th




S1-G Cryomodule Assembly (STF2 coupler)

InstaIIatlon into Warm coupler assembly Attachment of
vacuum vessel doorknob WG

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th




Dynamic Heat Load measurements

— 3 L ! | N . kG | . s J
g s B Dynamic loss (Detune) | ]
Coupler TTF-1II TTF-III STF-2 STF-2 =925t ]
© _ S1-Global: Cryomodule . iCapture Criyomodule ]
| € > € > J
Eacc [MV/m] 28 25 32 32 S - v ]
® 3
Ploss-(total) [W] 0.8 1.4 2.8 2.6 S5 MV/m
(71 B B
Pross-(detune) [W] 0.1 0.2 0.7 1.2 3 ’ : Ai\i/?n - L ]
O
B - 252 28 MV/m MV/m-
P o [W 0.7 1.2 2.1 1.4 : 26 30 -
loss-(Cavity) (W] 9 9 9 9 § 05 E MV/m MV/m l MV/m MV/m
8.8x10 43x10 4.3x 10 6.5x 10 [ ]
O ¥ g
“ N T — . | | -
20 —— e C1 c4 A3 A2 Capt. A Capt.B
_ | : : OV FNAL DESY KEK KEK KEK KEK
" _ ----------- ------------ :mé__%?l ----- ] ke Specifica‘rion Cu3 pm Cu3 pum Cub pm Cul0 pm
X L N T o S L e MC-C2 o] <0.02 W (2K dynamic)
Ea ; ! . STF-2 Input Coupler
B 14 [t 1, Static loss (RF/off) —— —
b L ; 1 . ‘ \1 N 3 A
O el Srpemesssmened 2, Tune (total dynamic loss) T
10 P s, . s=== 3. Detune (coupler loss)
3 5 3 5 3 5 . .8 .
T %im: 4. Staticloss (RF/off)
= : ¢ f : & & 5. Static/Cavity/Coupler loss

Quality control of Cu-plating and thermal anchors with
efficient cooling are also important to reduce heat loads. 5 K thermal anchor

|

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th
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Vacuum leaks at 80K cold windows

No.1 Coupler

Linear Thermal Expansion Coefficient of Cu, Ceramics, Mo
Actual shrinking amount : - A length=length X [LTEC dT

Thermal cycles > NG Cool down = OK

t0.8

3.0E-05 [ : :
2.5E-05 ; i 16.6X 103 ——AI203 -#-Cu —+Mo
2.0E- 71X 108 4 ' :
" OE-05 | 2 7 107 E 203
& 1.5E-05 0 v y H ¢
=i : : 7.46X103 i -
1.0E-05 A 065%X103 e———= s — [0}
5.0E-06 P —— = A
0.0E+00 N w | 5.39X 103 ‘ |
o 0.89X10% 500 1,000 1,500
Temp/K

(ratio =0.8)

(t1.0)

Mo-ring : 0.25 t
Cu-pipe:1.0t

To reduce
thermal stress

Mo-ring : 0.25 t
Cu-pipe : 0.8t

OK, no leak:

20 thermal cycles between 80K and 300K

Eiji Kako (KEK, Japan)

Tutorial Lecture in SRF2019 at HZDR,
2019 June 27th




Excessive heating at coaxial parts

Excessive
heat-up

W Thin stainless tube
@ with Cu-plating

s J / f/
!'.-_ ,,,,, ” - / L[
. . ? [ - ; Far
i - N | - —wty
] J L i/ 2 | ®

&
|
|

Eiji Kako (KEK, Japan)

—

Tutorial Lecture in SRF2019 at HZDR,

Efficient water cooling

Cu-bellows
and Cu-tube

high thermal
conductivity

Water
cooling
channel

"

5

2

I

1

n

1 1
D)

Ll ash

T oRB¥E

2019 June 27th
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Degradation of RRR in Cu-plating

Cross-section of Cu-plating on SUS-316L

B Before HT -
[| @ After HT (hydrogen)
@ After HT (vacuum) .
before HT
]
" ]
u n
| u 9
L after800°C
. ]
g m. . % P, %
5 10 15 20 25 30

Thickness [um]

14 um

19 um

[by laser microscope]

31 um

| SUS : Cu-plating

Impurity composition diffused into
Cu-plating of 30 um after 800°C HT

100

e

——Cu
——Fe

oo
——Ni

[by SEM]

suryerd ng

RF

® Composition ratio [wt%]

RF surfac

before HT

interface

Thickness 18.6um

surface

800°CHT| =~

¥ ¥
10 15 25

Position [um]

20 30

Ni diffusion into Cu-plating after 800°C HT

surface | inferface

=1 ”;lT@ickn,c'ss 1'.;8|1m“

after|

| ou i
== NI
I:,',[ ===EIEET
i LSTIE
!
| 5
el )( : 50cps

Eiji Kako (KEK, Japan)
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State of the Arts

Pulsed coupler for XEFL/ILC

CW coupler for ERL

CW/HD coupler for Proton Linac
CW coupler for Low-b structure
CW waveguide input coupler

High power performance

SSSSS




Pulsed coupler for XEFL/ILC (1.3GHz)

2 windows, no coolin )
®  TTF3 Coupler (DESY) TTF-V Coupler (LAL)
STF2 Coupler (KEK) r . »

S

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th
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CW coupler for ERL (1.3GHz)

cERL Injector Coupler (KEK)

Coupling

LN, Vessel

Vacuum Vi

77777

Couplers

Antenna
Adjustment
+ 4

Cooling
Gas

Supply 300K Flange

80K Flange
Warm Bellows
Cold Bellows

2K Flange

“ =t _. cERL ML Coupler (KEK)
i 1window, ¥ - o ad 2 windows,
water cooling 2 windows, air cooling N, gas cooling

——

Tutorial Lecture in SRF2019 at HZDR,
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CW/high-duty coupler for Proton Linac

J-ADS Coupler (KEK) HIPPI Coupler
SNS Coupler (ORNL) 972MHz (CEA-Saclay) 704 MHz

805MHz

PIP-1l Coupler
(FNAL) 650MHz

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th




CW coupler for Low-J3 structure

QWR Coupler for SPIRAL-2 Spoke Cavity Coupler
(CEA-Saclay) 88MHz for CADS (IHEP) 325MHz

HWR Coupler||

QWR’CoupIer
for IFMIF QWR Coupler
(Saclay) for RAON (IBS/RISP) for SRILAC (RIKEN) 73MHz
175MHz 81.25MHz

W

Tutorial Lecture in SRF2019 at HZDR,
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CW Waveguide Input Coupler

Original CEBAF 5-cell cavity (JLab) High current cavity for ERL/FEL (JLab)

1.5GHz 1.5GHz
- Dogleg

™ waveguide

CEBAF upgrade 7-cell cavity (JLab) 1.5GHz

BT TYYY YA

\

&

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th

= = WE




High power performance of single-window couplers

Facility Frequency Coupler Max. power
type

1x10° test 200kW, CW oper.

TRISTAN
/KEK

KEK-B
/KEK

ADS /KEK

SNS
/ORNL

SPL/Saclay

CERL-Inj.
J/KEK

SPIRAL-2

IFMIF

BERLinPro
Eiji Kako (KEK, Japan)

508 MHz

508 MHz

972 MHz

805 MHz

704 MHz

1300 MHz

88 MHz

175 MHz

1300 MHz

Coaxial,
Fixed

Coaxial,
Fixed

Coaxial,
Fixed

Coaxial,
Fixed

Coax Fix

Coaxial,
Fixed

Coaxial,
Fixed

Coax Fix

Coax Fix

Coaxial
disk

Coaxial disk
Coaxial disk

Coaxial disk

Coax. disk

Coaxial disk
Coaxial disk

Coax. disk

Coax. disk

2019 June 27th

7x10%

5x10°

1x106
5x10°

6x10%
1x10°

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,

Ccw

test 10kW, CW oper.

10kW,
spec. 200kWw,

spec. 130kWw,

Cw
cw

cw
80



High power performance of double-window couplers

Facility Frequency Coupler Max. power
type

TTF3 1300 MHz Coaxial, Cylindr.  0.1-2x107 test 1.0MW pulse
/DESY Variable oper. 350kW pulse
TTF-V 1300 MHz Coaxial, Cylindr. 3x10° test 2.0MW pulse
JLAL 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. 0.9-8x10°> test 60kW, CW oper.
/Cornell Variable 40kW, CW
cERL-ML 1300 MHz Coaxial, Coaxial 1-4x107 test 40kW, CW oper.
JKEK Variable disk 15kW, CW
TT3-CW 1300 MHz Coaxial, Cylindr.  3.6x10° test 8kW, CW
/HZB Variable spec. 10kW, CW

Tutorial Lecture in SRF2019 at HZDR,
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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.

SSSSS
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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.

SSSSS



Higher Order Modes Coupler (2)

5. HOMs increase the cryogenic losses due to the
additional power dissipation in the cavity wall.

The HOM coupler/absorber:

® 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/absorber;

1. waveguide, 2. coaxial, 3. beam tube.

SSSSS
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Design Considerations (1)

CEBAF / CORNELL wave guide coupler

CERN Type IT

CERN Type I

Eiji Kako (KEK, Japan)

CERN Type IV

T

[
H
[] '
L3
Ty
T
s

DESY 1.5 GHz version

=

]
////// P L /fg

CERN Typell

SACLAY loop coupler

SRF1989, by A. Mosnier (CEA-Saclay)

Tutorial Lecture in SRF2019 at HZDR,
2019 June 27th
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Design Considerations (2)

Requirements for a HOM coupler:

® Damping of all dangerous higher order modes.

® \ery small coupling with the fundamental mode.
® Precise tuning of the filter; Qext >10'".

® Effective cooling of superconducting parts to avoid

excessive heating.

Simple design for easy cleaning to remove dusts.

® Cost reduction.

SSSSS



Design Considerations (3)

Requirements for a HOM absorber:

Damping of all dangerous higher order modes.
Choice of broad-band absorbing material; Ferrite, SiC,
AIN, Glassy carbon, etc...

Preferable operating temperature for cooling.
Efficient cooling method.

Low outgassing property in vacuum.

Reliable cleaning procedure for dust free.

Cost reduction.

SSSSS



Contents

SoE e N e

Design Considerations

. Waveguide HOM Coupler

Coaxial HOM Coupler
Beam-tube HOM Absorber

. RF Feedthrough

Eiji Kako (KEK, Japan)

Tutorial Lecture in SRF2019 at HZDR,
2019 June 27th




Waveguide HOM Coupler

e T

Original CEBAF waveguide HOM couplers at 2K (JLab)

T g
B

® 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

Tutorial Lecture in SRF2019 at HZDR,
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Contents

SoE W e

Design Considerations

. Waveguide HOM Coupler

Coaxial HOM Coupler
Beam-tube HOM Absorber

. RF Feedthrough

Eiji Kako (KEK, Japan)

Tutorial Lecture in SRF2019 at HZDR,
2019 June 27th




Coaxial HOM Coupler (1)

HOM Couplers for 1.3GHz TESLA 9-cell Cavity (DESY)

2 HOM couplers (welded) <P,,> ~ Sehnitt A - 4
few watts |

fsli A=

A |

J. Sekutowicz, DESY, Hamburg

HOM-Koppler

siehe Zchng.-Nr.:
1 03 7248/0.000

il

i3 Stop band ;
‘QUE GITIZ T T T T T T T T T T T T T T T |{
2000, 4000, g7z OO0, 2000, 10000,

FM rejection
filter £, rej.~ 1/27 (LC)"O>

Tutorial Lecture in SRF2019 at HZDR,
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Coaxial HOM Coupler (2)

HOM Couplers for 508MHz TRISTAN 5-cell Cavity (KEK)

2 HOM couplers (demountable)

-k

W'I‘h. <

faY
b b -
ST 4.200 000 000 GHz

START .200 000 000 GHz STOP 4.200 000 000 GHz

Tutorial Lecture in SRF2019 at HZDR,
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Coaxial HOM Coupler (3)

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

D14
/Outer conductor i T S
1 Inner conductor L
Lig.He . s _20f
Cooling’ A \ /
—9 — -40
o 4
- N 972
& 60 [ |
Coolinggort /) ; MHz Stop band |
Coolingport_/ Output port -80 i
Pick up antenna Beam pipe i | 972MHz ]
100 o v o L L L L
500 1000 1500 2000 2500 3000

Frequency [MHz]

Tutorial Lecture in SRF2019 at HZDR,
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Coaxial HOM Coupler (4)

HOM Couplers for 1.3GHz STF 9-cell Cavity (KEK)

2 HOM couplers (welded)
OM L-type

——L-type $21[dB] HFSS
——L-type $21[dB] measurement

L-type filter characteristic
T

$21[dB]

[ == \

A

4
frequency [GHz]

Two types of HOM couplers

S21[dB]

HOM I-type

—— |-type S21[dB] HFSS
—— I-type $21[dB] measurement

I-type filter characteristic
1

|
y -

Stop bgnd._

1
3 4 5 6
frequency [GHz]
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Coaxial HOM Coupler (5)

HOM Couplers for 1.3GHz cERL 2-cell Cavity (KEK)
2 HOM & 2 Input couplers

80 Loap type 521 (dB), measurement with boss
= -— Loaop type 521 (dB), calculation without boss [
| ----- Loap type 521 (dB), calculation with boss
100 L1 .éG H 4 ‘ ‘

1 15 2 25 3 35 4 45 5
Frequency (GHz)
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Consideration for HOM absorbers

Absorbing materials: (€ and )

Fabrication : (bonding by brazing or HIP)
Mechanical strength and porosity: (cleaning)
Outgassing rate: (residual gas components)
Thermal conductivity: (efficient cooling)
Thermal expansion rate: (thermal stress)
Operational temperature: (cooling method)

Dust contamination:

SSSSS




Characteristics of HOM absorbers

® Mechanisms of absorption:

1. Dielectric loss, (e : permittivity)
e=¢g,(e€—-je"), W wE ¢’
2. Magnetic loss, (1 : permeability)

=W (W =ju"), Wp=2% @H 1"

® Materials for absorbing RF power

1. Ferrite (dielectric and magnetic loss)
2. SiC (dielectric loss)
3. AIN (dielectric loss)

SSSSS



Properties of absorber materials

Ferrite 1B-004 Uf"’

o HIPOUOC x1500am) ) - g RGN 00am)
4 “| —e— Standard 5 40 .\ 5 —&— Standard |
(at room temp.) i : - . :
e . 6 3
€ - i H 2
[Thesis by T. Tajima (KEK)] pEal i e s T RS 2 = ‘ :
Canhie T N e TS
0 P FHT%*’% 0-l!lJ]lLllillllirlllirlltilrl]‘
0 0.5 1 1.5 2 2.5 3 0 0.5 | 15 2 2.5 3
Frequency (GHz) Frequency (GHz)
250 500
before HT after HT at 900°C
200 — 400 —
Ferrite CMD10 —p" —w
150 300
=1 3
(at 77 K) 100 200
[Thesis by T. Konomi (KEK)] 50 100
0 0
1 10 100 1000 10* 1 10 100 1000 10*
Frequency [MHz] Frequency [MHz]|
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Beam Tube HOM Absorber (1)

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

Cornell CESR HOM Load

S. Belomestnykh, Cornell

* Ferrite absorber tiles
* Water cooled

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th
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Beam Tube HOM Absorber (2)

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

Im Crab Cavity

KEK-B  |[

HOM Absorber = ! ! ; ~~ Input coupler Frequency Tuning
(SBP) o ‘j HOM Absorber Top View / Magnetic Shield / by Adjusting Distance
IR Hpt (LBP) @ /
il p | g RF Absorber ’=>|
RF Absorber
il i_‘ g E 5 é l Ll [ f Stub Support
= | | = 10 kW [ ~5kW
S 0 1 A\ m— ]
m . D240 Coaxial Coupler 1D.100
E = i v T - ] o — T —
EH 1LL1 U\ JE[j ! O /v i | |‘ 41‘ Crab Reject Filter
- j—g D = | f . cllows
1 i \ | MainHe Vessel
45 — T Monitor Port| N\’
| 80 K LN2 Radiation Shield 'Sup Liq. He Vessel
— 1
230
Water channel
150
o
=)
[}
@
=)
o
4mm-thick 7 ‘
Ferrite v
W”lm-

Absorber (L)

® HIP Ferrite absorber )
T.Tajima, KEK H. Nakai, KEK

® Water cooled
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Beam Tube HOM Absorber (3)

HOM absorber for 1.3GHz ERL Injector and ML Cavity (Cornell)

Main Linac HOM Absorbers

40 to 80K intercept

5K intercept

SiC absorber ring

Flange to cavit .
9 Y Shielded bellow  Prazed to metal ring

* 3types of absorber tiles
* One was charging up ®
* QOperated at 80K

+ Complicated to mount at 40-80K

® SiC ring absorber

® Cooled * Full-circumference heat sink to allow
>500W dissipation @ 80K

* Broadband SiC absorber ring

. . * Includes bellow sections

® Ferrite tile absorber * Flanges allow easy cleaning

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

Tutorial Lecture in SRF2019 at HZDR,

Eiji Kako (KEK, Japan) 2019 June 27th
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Beam Tube HOM Absorber (4)

HOM absorber for 1.3GHz 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

T:L,

* 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 IBO04 is used for KEKB HOM absorber

Outside: bellows, Inside: Comb type RF brldge

HIP ferrite

10mm
Bellows

Comb-type
RF Bridge

o "ll!.

K. Umemori, KEK

® HIP Ferrite absorber
® Cooled by nitrogen, 80K
® Very slow cool-down speed

Tutorial Lecture in SRF2019 at HZDR,
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Beam Tube HOM Absorber (5)

HOM absorber for 1.3GHz XFEL 9-cell Cavity (DESY) | Sekutowicz DESY, Hamburg

...................................

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

One HOM absorber per string

Beam Line Absorber Concept: 460
-BLA T
Nominal beam with 27000 short bunches will generate HOM power of 3.9 W/CM 454 “BLA T2[
450 « He tube
0.27W | 0.74 W 1.75W 1.08 W N . S propagating= 3.6 W

=
| 445 \
1 440

L
P I
i | 10 100 1000  flGHz] yos %ﬁ

1 v

. 430
Modes under cut-off Propagating Modes 000 300 800 800 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
to 40-70K '
Absorbing ceramic ring Ato 2 - I - HOM DOW‘EV’*
g = ey LA
[ 15
3 £ - 5
2 g, 5 - . S
2 o e SRR i
3 -~ if-x M0 S I
G Bellows =~ 05 CRYS i;- : .- i ¥
S Beam Copper stub . !}g,:- _l . o . E
1Y) R . S .
g 0.oo 3.00 500 8:00. 12.00 15:00 18:00 21:00
% time [h]
=1 o Ld e
o
= . ® Special ceramic ring absorber (AIN)
(5] Ceramicring ~

® Cooled to 40-70K
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Beam Tube HOM Absorber (6)

A
AIN HOM Absorber
for ERL cryomodule  KEK/Toshiba

E _“

Relative dielectric constant

TOSHIBA

Leading Innovation >3

[by T. Ohta (Toshiba)] §

Dielectric loss

Eiji Kako (KEK, Japan) 2019 June 27th
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RF Feedthrough (1)

RF Feedthrough for 1.5GHz CEBAF-Upgrade 7-cell Cavity (JLab)

Cooling of HOM coupler, 37
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
connection

i
- -
-
]
:

T
{

\

82
l DEsv W-D. Mller, DESY in Hamburg 15th International Conference on RF Superconductivity
TN “ Chicago, July 25 -29, 2011 = W.-D. Moeller, DESY, Hamburg
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RF Feedthrough (2)

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

HISTORY:

CW test on cavity AC128 in the horizontal cryostat 1) TIOM coupler body)

Heat load from HOM couplers / HOM couplers temperature increase

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

Simulations:

¥ cono G Serah]
K| Caenox HOMI seirn
Bl Sernes Neh BERh
5.

cernox HOMZ Stecker

[=le]
1% 10 b i be
TTE. KEYO B/ TE X

HOM coupler feedthrongh A~

T3]
eln 10 1% e izt
certox HOMZ Kabel TTE KRYOE/ TEAPERATIRESY 3, TEST, 235/ TEWP
cernos HOMT Aol ] [ hRTO B TEMPERATUREAN 5 TES T, TB4/ TEH]
HOM coupler feedfhrongh cable
8 —
5. — —
15 [ oot
e T [~
" I
—T] et
11 prmara™] i
10 L L L L L L L L L L L L L <1
4 h
10% e 10% s 10% e 1072 e

D. Kostin, DESY, Hamburg

Simulations:

plot max. 0.05 A/m with 1 W input tube power

est. T=1 8K Figure 8: standard HOMC: magnetic field amplitude near loopy

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.

Figure 20: ANSYS thermal simulations.

plot max. 0.05 A/m with 1 W input tube power

Figure 9; new HOMC: magnetic field amplitude near loop/feed surfaces

Simulations:

HOMC antenna thermal load: 20mwW

Eiji Kako (KEK, Japan)
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RF Feedthrough (3)

RF Feedthrough for 1.3GHz cERL 2-cell Cavity (KEK)

)

AT

" Cavity -3 : CW

HOM-

' By K. Watanabe feedthrough|// §
. 4 n Cu R
Type-0 (i.c: Kovar, o.c: Kovar) Type-l (i.c:Mo, o.c: Kovar) Type-ll (i.c:Mo, o.c: Cu) 1
: 1 Cu =
B Sus . Quench Quench HOM-top
Nb . : S
e = Pin type , Cavity -2 : CW Tnput-SUS ., Cavity -3 : CW
)7 e . — ‘ Tnput-SUS .
M | —— o 7
o} suos
Space Al e }mns ;J:’;F;L% §
’ 28.5 —{—— M3 L= y 5Mv/ ,mj o= e ﬁpUT-Nb = §
AlLO. ° m y
SUs__ v [Sapphire - 8.1MV/m

200 2016

!

200 20n 20 ne

HOM-
feedthrough ——

205

No.3 Cavity (50 ms, 2 Hz, 10%)

o0 0w

00 nw  nn  n%  nw

not

Eacc at No.3 Cavity (10% Duty)  No.3 Cavity (CW)

antennaquench oy 4 my/m HOM-1: 1.7 MV/m
HOM-2: 6 MV/m HOM-2: 2 MV/m E
HOM-3: 3 MV/m HOM-3: 1.7 MV/m
HOM-4: 15 MV/m HOM-4: 5 MV/m
HOM-5: 3 MV/m HOM-5: 3 MV/m

Eiji Kako (KEK, Japan) 2019 June 27th
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Summary

® Higher order modes couplers are one of the
most critical components of a superconducting

RF cavity system.

® Higher order modes coupler includes varieties
of key technologies in design, fabrication,

conditioning and operation.
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Thank you for your attention.

W B Eiji Kako

Accelerator Lab.,

KEK, Japan

voice: +81-29-864-5200 ex. 4325
fax: +81-29-864-3182

email: eiji.kako@kek.jp
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