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Overview

1. Principle of the Choke-Mode-Cavity

« Concept of the Choke-Mode-Cavity by T. Shintake 1992
* Rough Verification of Measured Cavity Spectrum of the Original Paper by CST Frequency-Domain-Solver

2. One-Cell 1.5 GHz Choke-Mode-Cavity
« General Cavity Structure and Optimization of TMy;, Mode by CST Eigenmodesolver
« Selection of a Damping Material and Simulation in CST Frequency-Domain-Solver
* Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmodesolver

3. Coupler and Tuner System

« Specification of the Coupler & Tuner System
« Coupler & Tuner in the Radial-Line

4. Summary and Outlook
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1. Principle of the Choke-Mode-Cavity

Concept of the Choke-Mode-Cavity by T. Shintake 1992

Cylindrically Radial-Line ending with a Damper on a Cavity
« All TM-Modes (and most TE-Modes) will excite the Radial-Line
« and will be attenuated by the Damper.

matched load
(microwave absorber)

radial transmission line

Adding a Choke in the Radial-Line to protect TMy10 Mode
« The Short will be transformed by 41/4 into an Open.
 Serial junction added impedance Zpoke = @ and Zgamper
Zjunction = Zchoke T Zdamper = ° (Open)
and has a infinitely impedance independent of the damper.
* Distance of 1/4 transforms the Open into a Short with Z,,;; = 0.

I

beam pipe

Damping of Higher Order Modes (HOMSs):
 Almost all HOMs are strongly attenuated
-> Only not critical TE,, can not excite the Radial-Line
« The TM,;, acceleration Mode is protected by the Choke
-> Only current losses will attenuate the TM,;, Mode (perfect Choke)

(a) Radial Line Damper { b ) Choke Mode Cavity
Sketch from T. Shintake, “The Choke Mode Cavity”, 1992.
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1. Principle of the Choke-Mode-Cavity

Concept of the Choke-Mode-Cavity by T. Shintake 1992

Cylindrically Radial-Line ending with a Damper on a Cavity
« All TM-Modes (and most TE-Modes) will excite the Radial-Line
« and will be attenuated by the Damper.

Adding a Choke in the Radial-Line to protect TMy;o Mode
 The Short will be transformed by 41/4 into an Open.
 Serial junction added impedance 7 ;.. = o and Zgamper
Zjunction = Zchoke T Zdamper = oo (Open)
and has a infinitely impedance independent of the damper.
* Distance of A/4 transforms the Open into a Short with Z,.,;; = 0.

Damping of Higher Order Modes (HOMSs):
 Almost all HOMs are strongly attenuated

-> Only not critical TE,, can not excite the Radial-Line
« The TM,;, acceleration Mode is protected by the Choke

~ higher-order modes

outer
radial line
junction

Inner
radial line

Sketch from T. Shintake, “The Choke Mode Cavity”, 1992
and an added Smith Chart visualization of the Choke

-> Only current losses will attenuate the TMy,, Mode (perfect Choke)
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1. Principle of the Choke-Mode-Cavity

Cylindrically Radial-Line ending with a Damper on a Cavity
« All TM-Modes (and most TE-Modes) will excite the Radial-Line
« and will be attenuated by the Damper.

i higher-order modes
radial line choke structure .
Adding a Choke in the Radial-Line to protect TMy;o Mode junction
« The Short will be transformed by 1/4 into an rdittine | || ff-—acceterating moce -3 ,
« Serial junction added impedance = 00 and Zgamper | &
Z]'unction = + Zdamper = oo (Open) - 1 beam i 0 _m .
and has a infinitely impedance independent of the damper. ';{—m RF power input
* Distance of 1/4 transforms the Open into a Short with Z,,;; = 0. vall By e
i -0.3j
Damping of Higher Order Modes (HOMSs):

« Almost all HOMs are strongly attenuated cketch | T Shintake. “The Choke Mode Cavity” 1992
. ) ) ) etch from T. intake, “The Choke Mode Cavity”,
-> Only not critical TEynq Can not excite the Radial-Line and an added Smith Chart visualization of the Choke

« The TM,;, acceleration Mode is protected by the Choke
-> Only current losses will attenuate the TMy,, Mode (perfect Choke)
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1. Principle of the Choke-Mode-Cavity

Rough Verification of Measured Cavity Spectrum of the Original Paper by CST Frequency-Domain-Solver
Cavity S-Paras. from T. Shintake, “The Choke Mode Cavity”, 1992 CST Frequency-Domain-Solver S-Params.
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2. One-Cell 1.5 GHz Choke-Mode-Cavity

General Cavity Structure and Optimization of TMy;o Mode by CST Eigenmodesolver

1.5 GHz Pill-Box Choke-Mode-Cavity (CMC)
. Starting Point

« Exemplary 2.867 GHz Cavity from T. Shintake, “The Choke Mode Cavity”, 1992

« Damper:
« CST Material Library: ECCOSORB AN-72 (front)
*  Arpamper = 60 mm & hpypper = 5 mm

Il. Scaling of the Model to 1.5 GHz
« Scaling by Factor 1.9 & Rounding Edges with R = 3 mm

ECCOSORB AN-72 (front)

Damper

h

R3 mm

« Reoptimization of the Structure by CST Eigenmodesolver
*  Get mpij1pox 10 g€t fres = 1.500 GHz

lChokc

* Find lchoke & Archoke DY Iterations for:
fres = 1.500 GHz

* max{Qo}
lll. Pill-Box Choke-Mode-Cavity with Beam-Pipe

* Optimization of Pill-Box Length lcayiry for max. Rgp eff

« Adding the @ = 46 mm Petra IV Beam-Pipe l

lCavity

« Reoptimization of the Structure by CST Eigenmodesolver
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2. One-Cell 1.5 GHz Choke-Mode-Cavity

1.5 GHz Pill-Box Choke-Mode-Cavity (CMC)
. Startmg Point ECCOSORB AN-72 (front)

« Exemplary 2.867 GHz Cavity from T. Shintake, “The Choke Mode Cavity”, 1992 Mpamper
« Damper: M

« CST Material Library: ECCOSORB AN-72 (front)
*  Arpamper = 60 mm & hpypper = 5 mm ﬁ

ll. Scaling of the Model to 1.5 GHz

« Scaling of the Dimensions & Rounding Edges with R = 3 mm
* Reoptimization of the Structure by CST Eigenmodesolver

* Get mpij1pox 10 g€t fres = 1.500 GHz :J t

* Find lchoke & ATchoke DY Iterations for: | .
f;‘es = 1.500 GHz ATChoke PillBox

* max{Qo}

lll. Pill-Box Choke-Mode-Cavity with Beam-Pipe

« Adding the @ = 46 mm Petra IV Beam-Pipe
* Optimization of Pill-Box Length lcayiry for max. Rgp eff

* Reoptimization of the Structure by CST Eigenmodesolver

Damper

<

R3 mm

lChoke
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2. One-Cell 1.5 GHz Choke-Mode-Cavity

1.5 GHz Pill-Box Choke-Mode-Cavity (CMC)
. Starting Point

« Exemplary 2.867 GHz Cavity from T. Shintake, “The Choke Mode Cavity”, 1992

« Damper:
« CST Material Library: ECCOSORB AN-72 (front)
*  Arpamper = 60 mm & hpypper = 5 mm

ll. Scaling of the Model to 1.5 GHz

« Scaling by Factor 1.9 & Rounding Edges with R = 3 mm
* Reoptimization of the Structure by CST Eigenmodesolver
* Get mpij1pox 10 g€t fres = 1.500 GHz
* Find lchoke & ATchoke DY Iterations for:
fres = 1.500 GHz

* max{Qo}

lll. Pill-Box Choke-Mode-Cavity with Beam-Pipe

« Adding the @ = 46 mm Petra IV Beam-Pipe
* Optimization of Pill-Box Length lcayicy for max. Rgp eff

* Reoptimization of the Structure by CST Eigenmodesolver
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ECCOSORB AN-72 (front)

ArDamper 3
Q
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R3 mm

lChoke

—

| —

ArChoke

TPillBox

4

lCavity
—

B

46 mm

\ LiL:
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2. One-Cell 1.5 GHz Choke-Mode-Cavity

General Cavity Structure and Optimization of TMy;o Mode by CST Eigenmodesolver

Nose-Cone Optimization

x 4 x
For further Optimization of the Cavity N ; 2
* Noses are included: CLEEEE
« At the Transitions of Cavity and Beam-Pipe K i1ttt i
. < tt11t1111t =
* toincrease the Volume of Stored Energy. <« A 444444414 . |
« Rounding of the outer Cavity Edges: : :% — I : X )15 zr ﬁ I I — e::
« Reduces the Losses of the Cavity, i N
* but are not used at the Back-Side, to ensure PRI

» the excitation of the Radial-Line by all TM-Modes.

Pill-Box with Beam-Pipe Nose-Cone with Beam-Pipe
Pill-Box Pill-Box with Choke-Mode-Damper Nose-Cone with Choke-Mode-Damper

e i T B

foos [GHz] 1.500 1.500 1.500 1.500
Qo [1] 24153 20492 (85%) 23216 19782 (85%)
Repefr [MQ] 1.899 1.468 (77%) 2.202 1.706 (77%)
Renett/Qol9] 78.6 71.6 (91%) 94.8 86.2 (91%)
Ac [1] 61% 61% 66% 66%
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2. One-Cell 1.5 GHz Choke-Mode-Cavity

General selection of an Damping Material
« First Simulations used non-practical Damping Materials

* As areal usable Damping Material
» the Idea of single Ring of Siliziumcarbid (SiC) was
adapted from
« T Inagaki et al., “High-gradient C-Band Linac for a
Compact X-Ray Free-Electron Laser Facility”, 2014.
because of the simplicity and suitable Material Properties

Simulation Parameters

« RF Material Parameters (g,-) of SiC vary widely between

* Manufacturing Technique,
* Frequency and
* Temperature

and must be measured to get precise Values.
 For Simulation before a Material Measurement

e & =20

« tanép = 0.25

are used.
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2. One-Cell 1.5 GHz Choke-Mode-Cavity

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmodesolver

Qo along f,es Of all Modes with Qo = 100 (CST Eigenmode Solver General Lossy)
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Results

qTM;,10 Mode

¢ Qo(NCC) = 23157

* (Qo(CMC) = 19784
85%

Decreasing of other qTM
« Strongly reduced Qy:

Qo(qTMp,) ~ 8

Qo(qTMy10) = 17
* Highest HOM-TM:

Qo(qTM344) = 8000
with f.es next to

Choke 3™ resonance
4.5GHz = 3-1.5GHz

Decreasing of qTE
* Most qTE are also
strongly reduced
* Only qTEqy,q are
undamped, because can
not excite Radial-Line
Page 12



Qo [1]

2. One-Cell 1.5 GHz Choke-Mode-Cavity

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmodesolver

Qo along fes Of all Modes with Q¢ = 100 (CST Eigenmode Solver General Lossy) Results
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Qo [1]

2. One-Cell 1.5 GHz Choke-Mode-Cavity

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmodesolver

Qo along f,es Of all Modes with Qo = 100 (CST Eigenmode Solver General Lossy)
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Qo [1]

2. One-Cell 1.5 GHz Choke-Mode-Cavity

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmodesolver

Qo along f,es Of all Modes with Qo = 100 (CST Eigenmode Solver General Lossy) Results
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2. One-Cell 1.5 GHz Choke-Mode-Cavity

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmodesolver
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Qo along f,es Of all Modes with Qo = 100 (CST Eigenmode Solver General Lossy)
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3.75 4.00

Results

qTM;,10 Mode

¢ Qo(NCC) = 23157

* Qo(CMC) = 19784
85%

Decreasing of other qTM
« Strongly reduced Qy:

Qo(qTMp,) ~ 8

Qo(qTMy10) = 17
* Highest HOM-TM:

Qo(qTM344) = 8000
with f.es next to

Choke 3™ resonance
4.5GHz = 3-1.5GHz

Decreasing of qTE

* Most qTE are also
strongly reduced

* Only qTEgy,, are
undamped, because can
not excite Radial-Line
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3. Coupler and Tuner System

Specification
« Keep manufacturing as simple as possible

« Two Half Shells (Back & Top) without 45° Drilling
« The Choke should not be turn around

« Actively adjustable Coupling Factor
Range: K = 0.2to 5
 Broadband Tunable Resonant-Frequency

Range: Af.es = +1.5 MHz (or more)
to allow complete Detuning of the Cavity

—

L
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3. Coupler and Tuner System

Specification

« Keep manufacturing as simple as possible [ This is necessary:

* Two Half Shells (Back & Top) without 45° Drilling
« The Choke should not be turn around

« Actively adjustable Coupling Factor
Range: K = 0.2to 5
« Broadband Tunable Resonant-Frequency Some Disadvantage:
Range: Af..s = +1.5 MHz (or more) * No longer perfect Symmetry
to allow complete Detuning of the Cavity « Some part of the RF-Power at
— 1.5 GHz can tunneling throw the Choke

 The Q, of TMy,, Will be decreased in some way
- » But this can reduced by optimization

« A capacitive Coupling and
Tuning,
* Positioned in the Radial-Line

Coupler_posin
Tuna/rposn

B
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fres [GHZ]

Qo [1]

c 2
3. Coupler and Tuner System :
5 [7]
. . . E =
Coupler & Tuner in the Radial-Line § 1 I
Coupler_posin from -6mm to -2mm Coupler_posin from Omm to 4mm
1.5015 A Coupler_posin 1.5015 A Coupler_posin
1.5005 - -4 mm £ 1.5005 - > mm
1.5000 2 mm Y 1.5000 4 mm
1.4995 A h@ 1.4995 A
1.4990 A 1.4990 A
1.4985 A 1.4985 A
1.0 A 6 ra > . o o
1 1 1 ) d —'-—-———.—_______._________‘
0.8 1 % 5 S o s * T T s 5
= 0.6 1 — 4
x 0.4 - + - - . - s s - . X 3 . s - ° * A ’ v *
0.2 1 . = o . - * g »> » 2 1 T 1 L L L e . . o
0.0 - 1 T 1
20000 A 20000 A
19500 A 19500 A
19000 A 19000 A
18500 A — 18500 A
18000 A - 18000 s + *
17500 A < 17500 A
17000 A 17000 A
16500 A 16500 A
16000 A 16000 A
1.65 A 1.65 A = * =
— 1.60 A — 1.60 1
g 1.55 ~ g 1.55 ~
& 1.50 A & 1.50 A
£ 1.45 - £ 1.45 -
& 1.40 - & 1.40 -
1.35 1 1.35 1
-75 —-6.0 —-45 -3.0 -15 0.0 1.5 3.0 4.5 6.0 7.5 -75 —-6.0 —-45 -3.0 -15 0.0 1.5 3.0 4.5 6.0 7.5
Tuner_posin [mm] Tuner_posin [mm]
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Summary and Outlook

Curent Design
Simulated One-Cell 1.5 GHz Cavity Design
« Damping of all HOMs (Except TE(,,)
* Coupling and Tuning in the Radial-Line
* Adjustable Coupling-Factor
« Broadband Tunable Resonant-Frequency
« With a very simple structure

Next Steps
« Adding of Coaxial-Lines Sensors for Mode Measurement
« Selection and Purchase of an Siliciumcarbid (SiC) Ring

« Creation of a Prototype
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Thank you
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