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Outline

» Motivation
» Computational Modeling
- Increasing Q,,; with the help of an additional scatterer
- Determination of the corresponding scattering matrix
* Numerical Results
- Excitation and fields in the cavity
- Single-particle tracking
- Horizontal and vertical coupler kicks

 Summary / Outlook
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Motivation

» 9-Cell TESLA 1.3 GHz Cavity
- Fundamental Setup including HOM and FPC
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Motivation e
» 9-Cell TESLA 1.3 GHz Cavity
- External Quality Factor (numerical solution)
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Outline

» Computational Modeling
- Increasing Q,,; with the help of an additional scatterer

- Determination of the corresponding scattering matrix
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Numerical Modeling

» 9-Cell TESLA 1.3 GHz Cavity
- Increasing the External Quality Factor
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Numerical Modeling

= Properties of the Scattering Matrix

- Symmetric if only passive components are involved
(no magnetized ferrites or plasmas)

ST = S S _ (811 812)

S21 S22

gT _ (511 521
512 S22

— S12 = 821

- Unitary If passive and lossless
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Computational Modeling

» Properties of the Scattering Matrix
- Unitary If passive and lossless

STI S;l S11 S12 _ 1 0
ST2 832 S21 S99 0 1

— 811511 + S51821 = 1 = s1 P+ [sa1|* =
$11812 + 851822 = 0 811812 = —S51S822
S19811 + S99821 = 0 $11819 = — 821599
19812 + S5p522 = 1 |s12] + [s22]* =1
ST Jsullses] = satllsea]  —arg(si)+arg(siz) = m—arg(sa1)+arg(ss)
[s11] = [s22] arg(ss1) = 5+ 5 (arg(s11)+arg(sa2))
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Computational Modeling

* Properties of the Scattering Matrix
- Symmetric if only passive components are involved

st =5

- Unitary if passive and lossless

St =51
4
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general form of the symmetric and unitary scattering matrix (3 DoF)
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Computational Modeling

» Transformation of the Scattering Matrix
- Concatenation using ideal transmission lines

Line 1 Core Device b Line 2 b
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» Transformation of the Scattering Matrix
- Concatenate using ideal lines
a3 Line 1 a1 Core Device by Line 2 ba
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Computational Modeling

» Determination of the Reduced Scattering Matrix
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» Determination of the Scattering Matrix
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Outline

* Numerical Results
- Excitation and fields in the cavity
- Single-particle tracking

- Horizontal and vertical coupler kicks
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» Excitation of the Cavity through the RF Device
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Numerical Results

» Comparison of the Different Coupling Schemes
- Direct insertion of the applied power into the cavity

yd ™

pd A}

i 3

L |

1 J

\ J

AN /
(11:0
—>

<b— external source applied
1

Py =50 =4

6/12/2023 TU Darmstadt | Institute for Accelerator Science and Electromagnetic Fields (TEMF) | Wolfgang Ackermann 18 X




Numerical Results

» Comparison of the Different Coupling Schemes
- Insertion of the applied power through the RF device
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» 9-Cell TESLA 1.3 GHz Cavity
- Fundamental Setup including HOM and FPC
///74\\\ ///74\\\ /’l/ \\\ }If/ \‘\\ /’f \\\\ }’{ \\ JIL;\\ /} {/ \\\\ }II/ \\\-\h @ HOM
HOM U \\hﬁ/{ ‘\\ﬁﬁ!/ \\\\ j’/ \\\\ ;I/ \\“ /,!{ \\\ l]/ \\,\ﬁ‘/’/ \\\ﬁﬁj’{ \\ﬁﬁlir’_ ] FPC
s = 0mm

- Calculate Fields on Axis (Ex, Ey, Ez, Bx, By, Bz)
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» 9-Cell TESLA 1.3 GHz Cavity
- Single-Particle Tracking

Upstream HOM related field components suppressed! Acceleration on crest.
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Numerical Results
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» 9-Cell TESLA 1.3 GHz Cavity
- Single-Particle Tracking

Upstream HOM related field components suppressed! Acceleration on crest.
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» 9-Cell TESLA 1.3 GHz Cavity
- Horizontal and Vertical Coupler Kicks
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» 9-Cell TESLA 1.3 GHz Cavity
- Horizontal and Vertical Coupler Kicks (zoom)
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Numerical Results

» 9-Cell TESLA 1.3 GHz Cavity
- Horizontal and Vertical Coupler Kicks
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» 9-Cell TESLA 1.3 GHz Cavity

- Horizontal

k

and Vertical Coupler Kicks
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 Summary / Outlook
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Summary / Outlook

 Summary
- Adding a scatterer in the feeding line of the cavity
- Determination of the corresponding scattering matrix
- Feeding the cavity and calculation of the EM fields
- Single-particle dynamics
- Kick-factor calculations

= Even with highly reflecting scatterers moderate
kick factors achievable

= Outlook

- Modeling a scatterer with the desired properties
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