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Motivation

 Beam Loading of a 9 Cell TESLA 1.3 GHz Cavity
- Comparison of theory with measurement
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» SRF Cavity Regulation
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» Computational Modeling
- Field Excitation
- Field Extraction
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 Beam Loading Simulations in Time Domain
- CST Model

Line-Current Excitation
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Computational Modeling
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 Beam Loading Simulations in Time Domain
- CST Model
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Computational Modeling

 Beam Loading Simulations in Time Domain
- CST Model

Side View
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Computational Modeling

 Beam Loading Simulations in Time Domain
- CST Model

Voltage Monitors
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Outline

* Numerical Results
- Beam-Loading Simulations
- Signal Mixing and Filtering

- Magnitude and Phase Measurement
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Numerical Results
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* Pickup Signal for Single Pulse Excitation

Pickup Voltage / V

Time Domain
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Numerical Results

» Pickup Signal for Single Pulse Excitation

Time Domain
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Numerical Results

» Pickup Signal for Single Pulse Excitation

Frequency Domain
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Numerical Results
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» Pickup Signal for Single Pulse Excitation

Pickup Voltage / V

Frequency Domain
pomz2—mm—mm

Monopole
Sextupole |

0.0010

Quadrupole

0.0008

0.0006

0.0004

0.0002

0.0000 |- ue———— e ————
1.0 1.5 2.0 25  f/GHz 30

11/3/2020

TU Darmstadt | Institute for Accelerator Science and Electromagnetic Fields (TEMF) | Wolfgang Ackermann

15

<l
oH ("




TECHNISCHE
UNIVERSITAT
DARMSTADT

Numerical Results

» Pickup Signal for Single Pulse Excitation

Frequency Domain
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* Pickup Signal for Multiple Pulse Excitation

Time Domain

Pickup Voltage / V
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Numerical Results

» Pickup Signal for Multiple Pulse Excitation

Frequency Domain
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Numerical Results

» Pickup Signal for Multiple Pulse Excitation
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Numerical Results

» Pickup Signal for Multiple Pulse Excitation
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* Pickup Signal for Multiple Pulse Excitation

Time Domain
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* Pickup Signal for Multiple Pulse Excitation
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Numerical Results

» SRF Cavity Regulation

Cavity pick-up
(frF=1.3 GHz)

fLo = 1.354 GHz
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Numerical Results

» Signal after Mixer for Multiple Pulse Excitation
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Numerical Results

» Signal after Mixer for Multiple Pulse Excitation
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Numerical Results

» SRF Cavity Regulation

Cavity pick-up
(frF=1.3 GHz)

fLo = 1.354 GHz
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Numerical Results

= Low Pass Filter (Mini-Circuits LFCN-1500)
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Numerical Results

= Low Pass Filter (Mini-Circuits LFCN-1500)
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Numerical Results

= Low Pass Filter (Mini-Circuits LFCN-80)
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Numerical Results

= Low Pass Filter (Mini-Circuits LFCN-80)
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Numerical Results
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Numerical Results

» Signal after Filters for Multiple Pulse Excitation
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» Signal after Filters for Multiple Pulse Excitation

.............Tim.ED.':'m.am............
EI.EIIZIE-—
2
é IZI.I:II:IIZI-
5
2
-0.005
EI' Il EI.r-c:II:I'IT | d-l.x‘lll:l'l? | El.r-c‘III:I'IF | E;.r-clllil'lT | ‘Il.z-tlllll"l5 l‘I.IExI‘IEII"E | ‘I.Id-xl‘IIZI'I'E' It/s

11/3/2020

TU Darmstadt | Institute for Accelerator Science and Electromagnetic Fields (TEMF) | Wolfgang Ackermann

33

=
"“‘m

S
® 5




TECHNISCHE
UNIVERSITAT
DARMSTADT

Numerical Results

» SRF Cavity Regulation

Cavity pick-up
(frF=1.3 GHz)

fLo = 1.354 GHz

f; =81 MHz

—{ cos, sin H z! |4—

c0s, sin H z? I4—
*—(‘" cos, sin |<—[ z9 |ﬂ—

I'Q @ 9MHz
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» Signal after Filters for Multiple Pulse Excitation
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» Signal after Filters for Multiple Pulse Excitation
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Numerical Results

 SRF Cav”:y Regula“on Acceleration Voltage

Pickup Voltage

Cavity pick-up
(frF=1.3 GHz)

fLo = 1.354 GHz

f; =81 MHz
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Numerical Results

» Lossy Eigenvalue Simulations (Waveguide Ports)
-Cem3D

P, =6.402 mW Energy=1J P,=0.222 W
% f, = 1.299998 GHz
Q= 2.596e+06

Port 4

Port 3 Port 1
P;=0.189 W P, = 3.146 kW
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Numerical Results

» Lossy Eigenvalue Simulations (Waveguide Ports)
-Cem3D

d; = 8.0 mm Pickup (Port 4)
v ! /
A 1)
\ do = 3.3 mm

/ \ 4 Voltage Extraction )

Z d
| Zy:—gbg(l)=53w4ﬂ
/ 27T d2

HOM Coupler \U4 =\2P, Z,=0825V

J
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Numerical Results

» Lossy Eigenvalue Simulations (Field Distribution)
- Cem3D
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» Lossy Eigenvalue Simulations
- Cem3D

Uy = 2.87TT MV (Scaling A
Uy=+2P, Z,=0825V AW 2877TMeV 5480 MeV
P, = 6.402 mW _ Uy 0.825V V )

Port 4 Port 2

Port 3 Port 1
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Numerical Results

 Beam Loading for Multiple Pulse Excitation
- Beam loading based on a point charge

eo qo|U, |2 R
AWy = 0q201|/17 | =€0(]0w§
R
= 0.0041 MeV for qg = 1nC, f = 1.3 GHz, é = 506.8 2
- Gaussian current distribution
AW = fF ezdz—/ /)\E dz d7’ —Uo/)\e“czdz—AVVOe_%(w_cg)2

= AWy 0.963563 for o = 10 mm
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Time Domain
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 Beam Loading for Multiple Pulse Excitation
Time Domain
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 Beam Loading for Multiple Pulse Excitation
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Outline

 Summary / Outlook

..
m
H

)

11/3/2020  TU Darmstadt | Institute for Accelerator Science and Electromagnetic Fields (TEMF) | Wolfgang Ackermann 46

<

o




e 3‘?; TECHNISCHE
=) UNIVERSITAT
"j ~ DARMSTADT

Summary / Outlook

 Summary
- Beam loading simulations in time domain (TD)
- Signal mixing and filtering
- Magnitude and phase determination
- Beam loading simulations in frequency domain (FD)

- Consistency between TD and FD approach:
10% error not reproducible in the simulations

= Outlook

- Step by step comparisons to measurements
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