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Simple Example of an Acceleration Cavity
Mode Overview of a Pill-Box Cavity for 1.5 GHz up to 3.0 GHz

m fres [GHZ] QO [1]

M1, 1.500 24150
2.004 25642
2.004 25642
My, 2.289 20144

2.315 26413

Beam-Pipe

TElll

TMi10 2.315 26413 :
B, 2.540 28050 L
2.540 28050 5
S 2.801 19238
2.801 19238
TEg14 2.910 49620

Pill-Box
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Simple Example of an Acceleration Cavity
Mode Overview of a Pill-Box Cavity for 1.5 GHz up to 3.0 GHz

E-Field Patterns of different Modes
m Jres [GHz] Qo [1] TMp10
TMo10 1.500 24150
' 2 ST
TMo11 2289 20144 |32 R
™ 2.315 26413 = b
1o 2.315 26413
TE,q, 2.540 28050
2.540 28050
™., 2.801 19238
2.801 19238 ?
TEo14 2.910 49620 g
2
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Simple Example of an Acceleration Cavity

Mode Overview of a Pill-Box Cavity for 1.5 GHz up to 3.0 GHz: 2 Modes which are presented as examples

m fres [GHZ] QO [1]

TMy10 1.500 24150 E-Field Pattern of TM,, E-Field Pattern of TM4,

2.004 25642
2.004 25642
My, 2.289 20144

2.315 26413

TE111

110 2.315 26413
. 2.540 28050
S 2.540 28050
. 2.801 19238
H 2.801 19238

TEyy, 2.910 49620
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Principle of the 'Choke-Mode-Cavity' of T. Shintake in 1992

E-Field Pattern of exemplary Modes TM,;, & TM,4, of a Pill-Box Cavity for 1.5 GHz

E-Field of TM010

fs  1.500 GHz
Qo 24150
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E-Field of TM110

fs  2.315GHz
Qo 26413
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Principle of the 'Choke-Mode-Cavity' of T. Shintake in 1992

E-Field Pattern of exemplary Modes TMy;, & TM;;, of a Choke Mode Cavity for 1.5 GHz

E-Field of TMy4, E-Field of TM;4,

fres  1.500 GHz fres  2.229 GHz
Qo 20456 85% of 24150 Qo 14
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Principle of the 'Choke-Mode-Cavity' of T. Shintake in 1992

Structure and Principle of Operation

Cylindrically Radial-Line ending with a Damper on a Cavity
* All TM-Modes (and most TE-Modes) will excite the Radial-Line

*  Only not critical TE,,, can not excite the Radial-Line o lmioadiond e | [N orsormoces
All critical Modes are damped, but also acceleration Mode TM,. TR - EL‘}_
annular slot i /'?'h cosieraiio
Adding a Choke in the Radial-Line to protect TM,;, Mode =9 #Fcaviy = =
* The Short will be transformed by 1/4 into an Open. — _) N LWM
«  Serial junction added impedance Zoke = % and Zgamper ! ‘—_" =
Ziunction = Zchoke T Zdamper = oo (Open) _ Peamiee b 1 :slﬁ__J o
and has a infinitely impedance independent of the damper. ke fieds v ?

* Distance of 1/4 transforms the Open into a Short with Z,,;; = 0. 'i‘
Acceleration Mode is only slightly reduced by additional metal loss.

(a) Radial Line Damper ( b) Choke Mode Cavity

Sketch from T. Shintake, “The Choke Mode Cavity”, 1992.
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Principle of the 'Choke-Mode-Cavity' of T. Shintake in 1992

Cylindrically Radial-Line ending with a Damper on a Cavity
« All TM-Modes (and most TE-Modes) will excite the Radial-Line
Only not critical TE,,, can not excite the Radial-Line wier | [l igher-order modes

All critical Modes are damped, but also acceleration Mode TMoo. .. K L ot
rat]in:lel:ne “;accaleraiing mode
Adding a Choke in the Radial-Line to protect TM;;, Mode
 The Short will be transformed by 1/4 into an - —
. . . . . _ :/beam r—:a_
Serial junction added impedance = o0 and Zgamper .
1’3 “. - RF power input
Zjunction = + Zgamper = ® (Open) AL i
and has a infinitely impedance independent of the damper. ' —
* Distance of 1/4 transforms the Open into a Short with Z,,;; = 0. |

Acceleration Mode is only slightly reduced by additional metal loss.
Sketch from T. Shintake, “The Choke Mode Cavity”, 1992
and an added Smith Chart visualization of the Choke
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RF-Design of an One Cell ‘Choke-Mode-Cavity’ for 1.5 GHz

Design of the Cavity-Body

Selection of the Damping Material

» Adapted idea of single Ring of Siliziumcarbid (SiC) from
T. Inagaki et al., “High-gradient C-Band Linac for a Compact X-Ray
Free-Electron Laser Facility”, 2014.
* Material parameters for RF-Simulations:
e & =20
* tandp = 0.25
Real paras. vary along Fabrication, Frequency & Temperature.

Optimization of the TM,;, Mode of the Cavity

* Rounding of the outer Cavity Edges:

* Included on Top-Side: Reduces the Losses of the Cavity

* Missing on Back-Side: Excitation of Radial-Line by all TM-Modes
* Noses are included:

» At the Transitions of Cavity and Beam-Pipe

» toincrease the effective Shuntimpedance.
» Cavity Parameters:

« Q,=19784
° Rsh,eff = 1.704 MQ
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19.7

SiC absorber
Choke-mode

/ cavity

Acceleration
" cavity

Beam axis

\Coupling hole
iris

157
2b
2a

Sketch from T. Inagaki et al., “High-gradient C-Band Linac
for a Compact X-Ray Free-Electron Laser Facility”, 2014.
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RF-Design of an One Cell ‘Choke-Mode-Cavity’ for 1.5 GHz

Design of the Cavity-Body

Selection of the Damping Material

« Adapted idea of single Ring of Siliziumcarbid (SiC) from
T. Inagaki et al., “High-gradient C-Band Linac for a Compact X-Ray
Free-Electron Laser Facility”, 2014.
« Material parameters for RF-Simulations:
e & =20
 tandp = 0.25
Real paras. vary along Fabrication, Frequency & Temperature.

Optimization of the TM;;, Mode of the Cavity

* Rounding of the outer Cavity Edges:

* Included on Top-Side: Reduces the Losses of the Cavity

* Missing on Back-Side: Excitation of Radial-Line by all TM-Modes
* Noses are included:

* At the Transitions of Cavity and Beam-Pipe

+ toincrease the effective Shuntimpedance.
« Cavity Parameters:

. Q,=19784
o Rsh,eff = 1.704 MQ)
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Beam-Pipe

Rounding
Choke \/

SiC

/

/ . Cutting Plane of the
Radial-Line Cavity Model

y ‘ LI

Cutting Plane of the
Cavity Model with E-
Field of TMyq
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Qo [1]

RF-Design of an One Cell ‘Choke-Mode-Cavity’ for 1.5 GHz

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmode-Solver

er General Lossy)

90000 -

NCC

Nose Cone Cavity

80000..: X TM-MOdeS ............... ............... , .............. ,

Nose Cone Cavity
TE-Modes

70000{. ............... ............... _ ..............

60000 Y > Choke Mode Cavity ............... ............... Loswsanaavansa

TM-Modes
Choke Mode Cavity i
+ [AN]

50000 =

A0 e B — T— — S A— I

30000_: ..... E‘Lu ....... ,_p ..........

20000_: ...... 8‘ .......... ‘X‘ ............... e s ............... ............... ............... - ..............

TV SRS SR RN S S— S— SN — 1 - 2

Qo along f . of all Modes with @, > 100 (CST Eigenmod

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

TE-Modes | | ]t ............... e -.

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

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

fres [GHZ]
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Results

Protection of qTM4,

* Qy(NCC) = 23157

* @Qo(CMC) = 19784
85%

Damping of other qTM
* Strongly reduced Q,:

Qo(qTMpy4) = 8

Qo(qTMy49) = 17
* Highest HOM-TM:

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

Choke 3™ resonance
4.5GHz = 3 - 1.5GHz

Damping of qTE
* Only qTE(,q are
undamped, because can
not excite Radial-Line
* Butcan never interact
with the Bunch
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Qo [1]

RF-Design of an One Cell ‘Choke-Mode-Cavity' for 1.5 GHz

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmode-Solver
Qo along f s of all Modes with @, > 100 (CST Eigenmode Solver General Lossy) Results

90000 - e -
P : = .

] ¢ d It

] Nose Cone Cavity NCC : : : P : :EE Protection of qTMy,
80000”:' X TM-Modes R e e i'% .................................... .--“:% . QO(NCC) = 23157

] Nose Cone Cavity : : : - S 5| CMC) = 19784

- * TE-Modes : : : ! @ ; E :U QO( ) 5
70000+ R e, e }8_ ..... I RS B soondienes .g-]lg 85 /0

I e i Tt 11t T T : 5 PE R * s -

] _leMmc : : ; PiE i : B i <| Damping of other qTM
60000":' > _(Elcl(-)hljleogﬂe(;de Cavity ............... ............... .. .............. E§ ...... | osessmaey i ....... .?.-O‘ig . Strongly reduced QO:

1 , Choke Mode Cavity J 1! E ] ; i : - ﬁ’i Qo(qTMgq4) = 8
50000'-' TE-Modes fa_ ............ ....... c ...... .......... O EE .......... ....... gE .............. .............. ......... }6": QO(qTMllo) ~ 17

: i a T B = . i x| « Highest HOM-TM:
40000 E-Fieldof qTMgp | - e R g gd gyt Q(@TMsa) ~ 8000

1 ~n R # |-'_-',Er 5 *5. w5 5= 8 with f..s next to
3000044 = 77 ; M ; TS E...... _l:-x ..... E ......... G SO f XK -,1-}5-51: Choke 3™ resonance

] SRttt T I 2 S - xT 45GHz = 3 - 1.5GHz
200004 i 8 i ¥ ‘]L’¢ti‘i‘4" ! a 0 L. E .......... N N A i .

! - WtHHHiH:‘ - o E e : Damping of qTE

I = 4 8 M5 g . [ BEE |+ OnlyqTEg,are
LAOO g ‘4 S B B R T g undamped, because can

] * Siw i Bl & s 5 not excite Radial-Line

0 T . 17 R i e 2 ) ' ' ' e But can never interact

150 175 2.00 225 250 275 3.00 325 350 3. | . .
fo. [GHz] with the Bunch
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Qo [1]

RF-Design of an One Cell ‘Choke-Mode-Cavity’ for 1.5 GHz

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmode-Solver

S0 Qo along f s of all Modes with @, > 100 (CST Eigenmode Solver General Lossy) Results
] E-Field of gTM E 3 | i
] Nose Cone Cavity 1NCC q1Mo11 = Protection of qTM,,
800004 * TM-Modes l i+ Qo(NCC) = 23157
1 Nose Cone Cavity =1 CMC) = 19784
1 ¥ TE-Modes :::5 :58 o ) T
70000 - g eetdd 2 g Yo
--------------------------------- PR E RS ED? .
0000 O N — CMC | % X % Damping of other qTM
] % TM.Modes S ol Strongly reduced Q,:
1 , Choke Mode Cavity J 1! S Qo(qTMp11) =~ 8
5000094 *  TE-Modes - 5 Q0(qTM;40) = 17
L : : - : : . | + Highest HOM-TM:
40000_: ....... ............... ............... ............ SR ............... ............. E-Field of qTM110 ]: QO (qTM311) ~ 8000
] g : : : with fies next to
30000 E‘f’ L Choke 3" resonance
] f : o g : 4.5GHz = 3 - 1.5GHz
{ 2 P - PRy :
20000_: ...... 8‘ ........ x ........... .............. ......... = : : : : .i Damplng Of qTE
] : : PN P : . i) * Only qTEan are
10000__‘_ ......................... ........... ............... .. ............ undamped, because can
not excite Radial-Line
0 T A O N * But can never interact
1.50 1.75 3.00 325 350 3.75 th the Bunch
fres [GHZ] with the Bunc
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RF-Design of an One Cell ‘Choke-Mode-Cavity' for 1.5 GHz

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmode-Solver

Qo along f s of all Modes with @, > 100 (CST Eigenmode Solver General Lossy) Results

90000 -

80000 -

70000

600007

Qo [1]

40000

30000

50000 =

NCC

Nose Cone Cavity
X TM-Modes

Nose Cone Cavity
TE-Modes

Choke Mode Cavity
TM-Modes

TE-Modes

E-Field of qTM311

44444

R TS

- Choke Mode Cavity J v_iL!

Beam-Pipe Cutoff TMp1

% dTMg10 :

Protection of qTM; 4,

« Q,(NCC) = 23157

« Q,(CMC) = 19784
85%

Damping of other qTM

* Strongly reduced Q,:
Qo(qTMy; ) = 8
Qo(qTM;49) =~ 17

* Highest HOM-TM:
Qo(qTM344) ~ 8000
with f.es nextto

Choke 3'd resonance
3-1.5GHz = 4.5 GHz

L S e S i e B—— A o — — — Damping of qTE
. ' : : ' ¢ |« OnlyqTE,, are
§<r‘. undamped, because can
: , = not excite Radial-Line
e e M ¥ e ¥i - o Byt can never interact
fo. [GHz] ' ' ' ' with the Bunch
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Qo [1]

RF-Design of an One Cell ‘Choke-Mode-Cavity’ for 1.5 GHz

Mode Overview of Nose-Coned Choke-Mode-Cavity by CST Eigenmode-Solver

Results

Protection of qTM4,
* (Qy(NCC) = 23157
+ Qo(CMC) = 19784

85%

Damping of other qTM
* Strongly reduced Q,:

Qo(qTMpy4) = 8

Qo(qTMy49) = 17
* Highest HOM-TM:

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

Choke 3™ resonance
4.5GHz = 3 - 1.5GHz

S5 Qo along f s of all Modes with @, > 100 (CST Eigenmode Solver General Lossy)
] T S S T G T
4 o =3
i " Nose Cone Cavity NCC P o
80000 il TM-Modes SR . S E% ................................................... :.—-‘"‘:%
1 , Nose Cone Cavity i 15 x Saig
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i Choke Mode Cavity P :
50000 - + TE-Modes | | | R E .:
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40000 o : : 3 = : = E i :
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00004 e e
] e ..otk
20000 - - HHR
10000 - ’
0 Lk LI T | L L L L
1.50 1.75 2.00 225 250 275 3.00 325 350 3.75

fres [GHZ]

DESY. | 1.5 GHz Single-Mode-Cavity: Hochfrequenz-Technik | Simon Karau, Date 2024-06-20

Damping of qTE

* Only qTEg,, are
undamped, because can
not excite Radial-Line

* But can never interact
with the Bunch
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RF-Design of an One Cell ‘Choke-Mode-Cavity’ for 1.5 GHz

Coupler- and Tuner-System of the Nose-Coned Choke-Mode-Cavity

Coupler Tuner
» Capacitive Coupler in the Radial-Line « Capacitive Tuner in the Radial-Line (180° to Coupler)
* Coaxial-Line 75Q (Copper) » Coaxial-Line 10Q (Copper)
» Actively adjustable K = 0.2 to 5.0 « Tunable Resonant-Frequency Af,es = +1.0 MHz
_1501.0 4 _1501.0 4
2 1500.5 4 2 1500.5 1
= 1500.0 4 = 1500.0 5
414995 [ 214995 -
A 3 N 3
1499.0 5 1499.0 5
5 4 5 4
4 3 4 -
= 3 7 — 3 3
x 2 3 x 2 3
14 N 1
0 4 pd \ 0 4
20000 3 =] Coupler Tuner 20000 -
— 15000 3 — 15000 3
= 10000 = 10000 -
S 5 RF-Spring S
5000 4 5000 3
0 / (Short) 0 3
LANLENL I BB BN BN BNLNL BN NELNL LN BELENL N LELELELE LB ELE NLELELELE NLELELELE BLELELELE NLELEL B
-6 -4 -2 0 2 4 6 yayeguide-Transition -7.5 -5.0 =25 0.0 25 50 75
Coupler Position [mm] Tuner Position [mm]
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RF-Properties of an One Cell ‘Choke-Mode-Cavity' for 1.5 GHz

RF-Power for normal and doubled Gradient with K = 3 at 1.5 GHz

RF-Power for two Examples Acceleration Voltage along RF-Power an K= 3

* Vo = 96 KV (norm Gradient) ]
e Vo= 2-96kV = 192 kV (doubled Gradient) _ 200 o6
S ]
- - M
Coupler & Tuner positioned for % 100 1
fres = 1.5 GHz = 9 kY
e K=3 ]
D il
40 -
0 - ]
] — 30 ]
-1 E ]
] = 20 3 2-96 kV
i g ]
= ] 96 kV
9 - U-'I"'I"'I"'I'"I"'I'"I"'I"'I"'I"'
=4 3 0 2 4 6 8 10 12 14 16 18 20
_5 -: Pstr'm [kW]
- L Ve | Pam | Weora |
1.4985  1.4990 14995 15000 15005 15010 15015 96 kV 3722 W 5.688 mJ
fres [GHZ] 2-96 kV = 192 kV 14.89 kKW 22.75 mJ
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RF-Properties of an One Cell '‘Choke-Mode-Cavity’ for 1.5 GHz
Power-Loss Distribution with K = 3 at 1.5 GHz

Surface Power Loss Dens (Metal Loss) logarithm Power Loss Dens (Dielectric Loss.) logarithm
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RF-Properties of an One Cell ‘Choke-Mode-Cavity' for 1.5 GHz

Power-Loss in Copper-Regions and Siliziumcarbid (SiC) with K = 3 at 1.5 GHz
Loss per Region

CavityBody _
- S 10000 T
3 : —— 96 KV
SiC 5 5000 ¢ —— 192 kV
N E ] _//\
= 0
BN 51 ~N—=
En 10 -
Couplerin Tunerin S 5] -
= 100
Values at f, Vs = 96 KV Vess = 192 KV “.é - :
Pytim 3722 W 14.89 KW ] s e s
Wi 5.388 mJ 22.75mJ 0 - =

PcavityBody 2.71 kW 10.9 kW —_ ]

= 200 - e
Pcouplerin 3.77W 15.1 W S ]
& _

Prunerin 286 W 114 W 1 \/_
T f e S e
Psic 256 W 103 W 1.4985 14990 14995 15000 15005 15010 15015
fres [GHZ]
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Appendix



Principle of the 'Choke-Mode-Cavity' of T. Shintake in 1992

Examples of HOM-Damping Cavities Concepts

Not Pill-Box like Cavity an Resonance-Point
(accel. by TE,;,) in a single Waveguide

' e
,_1 - I -i
L = AT
us| ‘{ \ |
i | !
b ii- = ;:f ] / li
| | g
WA !
iy =~ T

H. Herminghaus, H. Euteneuer “Beam
Blowup in Race Track Microtrons”, 1979

Pill-Box like Cavity (accel. by TM,) with
Radial-Line-Damper for HOM-Damping

T. Shintake, “The Choke Mode Cavity”, 1992.
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Pill-Box like Cavity (accel. by TMy;,) with three
Waveguides for HOM-Damping

- e

F. Marhauser, E. Weihreter “HOM Damped
500 MHz Cavity Design for 3rd Generation
SR Sources”, 2001
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Principle of the 'Choke-Mode-Cavity' of T. Shintake in 1992

E-Field Pattern of exemplary Modes TMy;, & TM;;, of a Choke Mode Cavity for 1.5 GHz

E-Field of TMy4, E-Field of TM;4,

fres  1.500 GHz fres  2.229 GHz
Qo 20456 85% of 24150 Qo 14
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Principle of the 'Choke-Mode-Cavity' of T. Shintake in 1992

E-Field Pattern of exemplary Modes TMy;, & TM,4, of a Choke Mode Cavity for 1.5 GHz

1.00 -

0.75

0.50 4

0.25

ViV [1]

—-0.25 A

—0.50

—-0.75 A

-1.00

0.00 A

E-Field of TMy,

0.0 015 l.IO 1:5 2.I0 2.I5 3.I0 3:5 4.0
t [ns]
fres  1.500 GHz
Qo 20456 85% of 24150
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ViVp [1]

1.00 A

0.75

0.50 A
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0.00 +
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-0.50 4
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-1.00

E-Field of TM4,

t[ns]
fres  2.228 GHz
Qo 14
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