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PETRA IV

• New hard X-ray source
• PETRA III shutdown in 

December 2029
• PETRA IV becomes operational 

in 2032
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https://petra4.desy.de/petra_iv/beamlines/index_ger.html

Collimators

• 8 Collimators in total
• 4 Vertical
• 4 Horizontal
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Standard Simulation Model

• Total impedance obtained as the sum: 

• 𝑍!": Resistive wall term ➙ material loss

• 𝑍#$%: Geometrical term ➙ taper and 
shift effects

• Used three models (Mo jaw ➙ Tape ➙
full geometry) to isolate impedance 
sources.

• Higher-order modes (HOMs) suspected
in full 3D model.

𝑍!"!#$ = 𝑍%& + 𝑍'("
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A. Kurtulus et al., “Beam-based impedance measurement of HL-
LHC low-impedance collimators“, Phys. Rev. Accel. Beams, vol. 
28, no. 10, p. 103001, 2025.
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Collimators - Designphase
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Jaws

Vacuum tank• Estimate the impedance of the full 
3D-model

• Are there trapped modes in the
vacuum tank?

• Do trapped modes 
interfere with beam stability (and 
thermal stability)?
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Collimators - Designphase
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• Estimate the impedance of the full 
3D-model

• Are higher order modes identified?

• Do trapped modes 
interfere with beam stability (and 
thermal stability)?
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Collimator model

7

Width
26 / 36 mm
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Extracting 𝐑! and ⁄𝐑 𝐐 from the simulations

Beam coupling impedance Modal E-Field along test beam

Vector fitting Modal decomposition
of the beam current

𝑅&⁄𝑅 𝑄𝑅&

CST

MATLAB

Export

Wakefield Eigenmode

𝑄

𝑄
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Parameter extraction from the impedance spectrum

𝑍!(𝜔) ≈
𝑟!

j𝜔 − 𝑝!
+

𝑟!
j𝜔 − 𝑝!

𝑅!,# = −
ℛ{𝑟#}
ℛ{𝑝#}

𝑄 =
1
2
ℐ{𝑝#}
ℛ{𝑝#}

𝜔! = ℐ{𝑝𝑖}
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• Common method for feature extraction from from 
frequency domain data

• Approximates frequency response with:

Quetscher, F., Chae, Y.-C., Gjonaj, E., & De Gersem, H. (2025). Shunt impedances of the in-vacuum undulator at 
PETRA III (DESY Report No. p4-WP201-rep-0019). Deutsches Elektronen-Synchrotron (DESY). 
(Report from the PETRA IV TDR-Phase)

𝑍(𝜔) ≈ ∑
(

𝑟(
j𝜔 − 𝑝(

+ 𝑑 + j𝜔ℎ

𝑍(𝜔) = ∑
3

𝑅4,3
1 + j𝑄 𝜔

𝜔6
+ 𝜔6
𝜔

⏟
8)

Vector FittingBeam Coupling Impedance
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Shunt impedance - eigenmode solver
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Electric Field Energy Density in the Collimator
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335 MHz103 MHz
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Electric Field Energy Density in the Collimator
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2.51 GHz609 MHz
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Results

Mode (26mm) 1 2 3 4 5 6
𝑸 165.0 239.4 134.6 132.1 82.3 155.2

𝒇𝒓 / Mhz 116.2 578.8 600.0 628.1 705.7 736.6
𝑹 / 𝑸 / 𝛀 2.813 0.197 0.405 0.132 0.066 0.046
𝑹𝒔 / 𝛀 464.1 47.2 54.5 17.5 5.4 7.2

Mode (36mm) 1 2 3 4 5 6
𝑸 172.0 274.8 201.5 102.1 75.8 148.9

𝒇𝒓 / Mhz 102.7 585.4 609.0 635.0 702.8 732.0
𝑹 / 𝑸 / 𝛀 1.849 0.097 0.152 0.147 0.044 0.017
𝑹𝒔 / 𝛀 325.9 26.7 30.6 15.0 3.3 2.5
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Analytic thresholds for HOMs
Assuming all collimators have exactly the same HOMs

19

Brightness mode

•1920 bunches, 1 nC / bunch

•No feedback

𝑍;!<(𝑓) =
1
𝑓
1
𝑁=

2𝐸𝑄
𝐼>𝛼=𝜏;

Longitudinal coupled-bunch instability
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Analytic thresholds for HOMs
Assuming all collimators have exactly the same HOMs
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𝑍;
?,@(𝑓) =
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Brightness mode

•1920 bunches, 1 nC / bunch

•No feedback

Transverse coupled-bunch instability
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Mode 0 (dipole mode) can be readily damped by the 
coupled-bunch feedback

Chromaticity 0 Chromaticity 1 Brightness mode

•1920 bunches, 1 nC / bunch

•No feedback

Simulation in Nested Head-Tail 
(NHT) Vlasov solver

•HOM as the sole source of 
impedance

•Vertical collimator (90 deg rotation)

Transverse modes can be damped by feedback of chromaticity
Thanks to their low frequency. Example: HOM at 180 MHz
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•Standard simulation approach not conclusive

•Strong influence of HOMs

•Full 3D simulations remain essential

•Modal analysis enables clear identification of dominant HOMs

Conclusion
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