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= Motivation

« Computational model

- Geometry information concerning the cavity and the couplers

(number and location of ports)
- Numerical problem formulation
* Numerical examples

- 1.3 GHz structure (single cavity)

Summary of all modes up to the 51" dipole passband

 Summary / Outlook
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Motivation

: TESLA 1.3 GHz Cavity
- Photograph

downstream

upstream

CST Studio Suite 2015
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Motivation

» Superconducting resonator

9-cell cavity

Input
coupler

Downstream

Upstream
higher order mode coupler

higher order mode coupler
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» Simulation study based on 2D structures available

Rainer Wanzenberg,
TESLA 2001-33

- Monopole, dipole and quadrupole
modes of a TESLA cavity

- “Obtained data intended to be used
in further beam dynamics studies
and in the interpretation of HOM
measurements” (f, R/Q, ...)

Simulation study based on 3D structures
using port boundary conditions (Q, R)

.\|tr1|tvptrlt‘_ [')umh\ and (.!1Ifl(|ll1llJ[Fl(‘ Passhands
of the TESLA 9-cell Cavity

R. Wanzenherg

DESY. Notkestr., 85, 22603 Hamburg., Germany

September T4, 2001

Abstract
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« Computational model

- Geometry information concerning the cavity and the couplers

(number and location of ports)

- Numerical problem formulation
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Computational Model

= Geometrical model

9-cell cavity Upstream

HOM
coupler

Downstream
HOM
coupler

High precision cavity
simulations using FEM

R
Beam g
Rk on tetrahedral mesh
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tube SR N Input coupler
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Computational Model ) O
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Port face, fundamental coupler
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Computational Model

» Port boundary condition
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Computational Model

= Problem definition
- Geometry

TESLA 9-cell cavity

Port
boundary
conditions

AN

AN

PEC
boundary condition

*u

/

Port boundary conditions

- Task

Search for the field distribution, resonance frequency and quality factor
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Computational Model

* Main Coupler Penetration Depth

9-cell cavity

Input
coupler

Downstream

Upstream
higher order mode coupler

higher order mode coupler

W F
{
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« Problem formulation curl 1/pr curlE = (=) er B |
_ Co re2
- Local Ritz approach div(sE)| =0 +boundary conditions
_ ~ \_ reQ )
E = E(7) continuous eigenvalue problem

n
— Z o Wi(T)  Galerkin Ajj = ///Q 1/pr curld; - curlw; dS2
=1

1 Bij:///QEFwi'wj d<?

w vectorial function Cij = /fQ Zo o W - W; d2

«; scalar coefficient

i global index L Ad+j—Ca+ (j 3)2352 =0 J
n number of DOFs 0 “0

discrete eigenvalue problem
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Computational Model

» Eigenvalue calculation

- Improved search space expansion

 Davidson:

o , > _ = works well for diagonal
(Ad'ag )\Bd'ag)Agj -7 dominant matrices

« Jacobi-Davidson:

[PT(A —~A\B)PAZ = —pPT FJ

with correction equation
P =7_— VVTB — 7 _ va | due to projection also

T T T applicable to non-diagonal
Pt =1-BVV" =1-VgV dominant matrices
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Computational Model

= Jacobi-Davidson method

- Important properties
* Direct solution difficult because of dense matrix in correction equation.

* |terative solution not immediately applicable because vectors Az
with Ax € R{(Vp)  } are not mapped back onto R{(Vg) | } again.

- Preconditioning
* The JD - preconditioner
PC ={I - M tvg[(M~tvp) vl tviim—1
=Mt — M vl vy vl tvE
retains the property AZ € R{(Vy)  } for any preconditioner A7 1.

‘ Simplestcase: M~ 1=1 <« PC=1- va =P
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Outline

 Numerical examples

- 1.3 GHz structure (single cavity)

Summary of all modes up to the 51" dipole passband
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Numerical Examples

» Controlling the Jacobi-Davidson eigenvalue solver
- Evaluation in the complex frequency plane

- Select best suited eigenvalues in circular region around
user-specified complex target

0.04 T T T T T
[ Real and imaginary part of the complex frequency
- Monopole
0.03F
| Re(w)
5 ©= 2 Im(w)
£ 0.02F Quadrupole —
g |
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» Quality factor versus frequency

12 T I I

® Monopole modes

@ Dipole modes

® Cuadrupole modes l

@ Sextupole modes
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» Shunt Impedance Calculations
- Longitudinal Voltage

Zh
V™ (z,y) = / g, - E™(z,y,2) e/ dz

f‘\mf‘\f\f\f“\mf“\m

\\ Yoo \__,/\“-\._ s ‘\_./ N_,/\ \_/

‘h—-"

- Stored Energy and Loss Parameter

_ L’T{m}(ir U)|2
€0 Si(m (m) Vi
— — e, |[EM™)? dD k™ (z,y) =

5 ///Q £ | (z,9) i
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Numerical Examples

» Shunt Impedance Calculations
- Normalized Shunt Impedance

Rm 2 kﬁm] (z,v)
Q w2+ ym

- Evaluation of the integral
at lines parallel to the z-axis

rop = 5 mm
Yo = O mm

R 2k (20,00 R 2k™(0,y,
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Numerical Examples
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» Simulation study based on mesh dens

315.885 tetrahedrons
.932.746 complex DOF

1

1.008.189 tetrahedrons
6.238.328 complex DOF
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- Grid 2

3.081.614 tetrahedrons
19.177.820 complex DOF
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Numerical Examples

» Simulation study based on mesh density variations

Table 2: Monopole modes in 1st, 2nd, 3rd and 4th passhand.
fres (GHz) Q
MODEi | CRID1 GRID2 GRID3| GRID1 GRID 2 GRID 3

Band 1 "1
Rl TV P —— ~ Individual pages
2 19 o184 1 L20E+07 LITE+07 1.1
ek i Sk available for
5| 1o FOG 232406 — Band 1
6 1.2 2106 1S1E406
7 19 : 2406 1406
8 12003 12003 2406 06 ]
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Band
T e 2405 05 — res’
2 | 23sm 104 7404
3 LO4 £04
1 £O4 £04
S - Band 2 R./Q, R
6 : o4 an ® X c X
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Band 3 ) R /Q R
2. E 07 -
2 > o y' =y
3 2. 100
4 2. +00
5 2.4995 2407 137E400 — Band 3 ° R /Q R
0 2,500 SHOS BO4EHUS
. 0 108 2048108 z ’ z
8 25021 2 STE+09
9 25057 25057 L7 -
Band 4
1 S -
2 - tod
3 {04 .
! 0 L Band 4 Grid 1 = 315.885 tetrahedrons
: o Grid 2 = 1.008.189 tetrahedrons
8 103
9 OE 105

- Grid 3 = 3.081.614 tetrahedrons
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= Collection of the first 194 modes (selected page)

1. MONOPOLE PASSBAND

MODE 9

—

1.3000 GHz

2 Gde+006

T/Q | 5.20e1002 0

Y [ 137et000 0

70 [ 5200102 0

T 1aret000 02

7/ [5.20e 10020

T 1arer00 0

Magnitude of the electric field strength
(longitudinal cut)

Magnitude of the magnetic flux density
(longitudinal cut)

Magnitude of the electric field and the
magnetic flux density (transverse cut)

Resonance frequency, quality factor
and shunt impedances
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Numerical Examples

monopole)

» Comparison to MAFIA calculations (f ..

1 2
1 T.276 T.276 1.276 1 T.276
2 1.278 1.278 1.278 2 1.278 MAFIA:
3 1.282 1.282 1.282 3 1.281 )
4 1.286 1.286 1.286 4 1.285 step size 1mm
5 1.290 1.230 1.290 5 1.289 . .
5 1.294 1.294 1.294 6 1.292 12.000 grld points
7 1.297 1.297 1.297 7 1.296
8 1.299 1.299 1.299 8 1.298
3 1.300 1.300 1.300 g 1.298 -
10 2.378 2.379 2.379 10 2.380 >
11 2.383 z.383 2.383 11 Z.386 S o
12 2.391 2.391 2.391 12 2.394 o ®© O
X 13 2.402 z.402 2.402 % 13 2.406 5 O«
O 14 2.414 2.414 2.414 O 12 z.418 S =«
'8 15 2.426 2.426 2.426 '8 15 2.431 > Fopnd
L 1s 2.439 2.439 2.439 L 16 2.442 5 Q-
o 2.448 2.448 2.448 o 17 2.450 O g D
o 1= 2.454 2.454 2.454 o 18 2.454 - S < o)
O 1@ 2.487 2.487 2.487 O 13 | -——— ) o — &
S 20 2.437 2.497 z.4397 S 20| ----- o n 9
21 2.498 2.498 2.498 21 | ——-e- N _8 0 o
22 2.498 z.498 2,498 22 | - < G F ©
23 2.500 2.4399 2.499 23 | —mmeo — TE modes Joo®P
24 2.501 z.501 2.501 24 | ———— N =c -
25 2.502 2.502 2.502 25 | -—-—- Ll 8_-._- >
26 2.502 2.502 2.502 26 | -—-me — =% O
27 2.506 2.506 2.506 27 | -—--- _ —0 © 5
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o2
co &N
O 2L g
: : = 0@
Different monopole passband numbering! Lcg=
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 Summary / Outlook
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Summary / Outlook

Summary:
Accurate complex eigenmode solver available

- Higher order FEM including port boundary conditions
(geometric modeling with curved 2D and 3D elements)

- Application to the 1.3 GHz structure
(calculation of all modes up the 5" dipole passband)

- Quality factor and field polarizations intrinsically available

= Qutlook:
- Application and further development of the available code
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Outlook

» Application of the available eigenvalue solver
- PETRA cavities
« PMC, PEC and port boundary conditions sufficient?
* Apply power-loss method to consider lossy metal effects?
« Surface impedance boundary condition (SIBC) required?
» Further eigenvalue-solver development
- Implement SIBC
- Increase computational efficiency

* Replace LU based preconditioner by numerically cheaper variant
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