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WP2 - Transverse impedance and stability

Review of impedance studies — model updates
= BGV / Wire / vacuum valves / Y-chamber / stainless steel warm pipe
= Code infrastructure (PyWIT, IW2D, NEFFINT?)
= New collimator materials and collimator tapers
= Crab cavities fundamental mode
= Breakdown of impedance contributions
= Review of machine development studies

= Growth rate and tuneshifts
= QOctupoles with / without latency effect

= Transverse stability
= Impact of transverse tails
= Impact of crab cavities
= Impact of optics choice (flat optics, IR7 optimisation)

= Tight vs. relaxed settings
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Impedance studies

= Some impedance contributions reviewed:

= Beam Gas Vertex: impedance studied (input to BGI/BGV review — see
L. Giacomel, H. Guérin & I. Karpov, 209" WP2 meeting, 18/10/2022)

— impedance is acceptable — but BGV not in baseline anymore (following
BGV/BGI review)

= Beam-beam Long-Range Wire Compensator: preliminary studies (see B.
Salvant, WP2/WP13 HL-LHC Satellite Meeting, 23/09/2022)

— Impedance significant but no showstopper

= Vacuum valves between TCLMB mask and Q4: studies done (see
L. Giacomel, 215" WP2 meeting, 20/06/2023)

— Impedance increase not acceptable
— New manual FRAS table decided, to avoid aperture change and cavity-
like structure

= Absence of Cu coating in Y-chambers: studies done (see L. Giacomel,
215 WP2 meeting, 20/06/2023)

— not fundamental importance, stainless steel can be used.
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Updated of code infrastructure

= Model fully re-implemented using a new code infrastructure: PyWIT
(https://gitlab.cern.ch/IRIS/pywit)
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= Lots of code development involved, including on IW2D (RW impedance).
= LHC/HL-LHC models now in https://qgitlab.cern.ch/IRIS/Ihc pywit model/
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Update of impedance model

= Main updates to impedance model:

= New collimator materials — mainly Cu-coated graphite TCSPMs but
not only — overall impedance increase of ~1%.

= Resistive-wall effect of collimator tapers (detrimental, but model
more accurate) - impedance increase of ~1% (would get 2% with
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Crab cavities impedance

= Fundamental mode has a strong effect on transverse impedance:
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with:

Crab cavities: impedance mitigation

= (Gain of standard RF feedback cannot be increased further:
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P. Baudrenghien, \WP2/\WP4
meeting, 22/11/2022

= Impact decreases by a factor of
~10 assuming tune known within
+5.10-3

= Bunch-by-bunch tune shift MD
planned for 2024.

If comb filter is not used, flat opti
can also reduce the octupole curre
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HL-LHC impedance contributions

= Breakdown of all impedance contributions (relaxed collimator
settings, vertical plane):
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LHC machine development studies

Tune shift measurements:
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LHC machine development studies
= Growth rates at injection:

Measurements: Simulations:
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LHC machine development studies
= QOctupole thresholds:

= Latency effect (slow vs fast octupole decrease):
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HL-LHC overall transverse stability

= The model for transverse tails has been reviewed:
= |n the past tails assumed absent (parabolic bunch in transverse, tails cut at 3.20)
— presence of HEL + uncertainties on LIU beam
= Now: HEL descoped & LIU beam known to have tails — Gaussian tails
assumed.

B1, + oct. polarity, T, =1.0 ns Nb=2.3ell , M=3564 , damp=0.01,
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HL-LHC overall transverse stability

= Impact of crab cavities, collimator settings & flat optics:

B1, + oct. polarity, T, = 1.0 ns Nb=2.3ell , M=3564 , damp=0.01,
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le2

5
— O ——— 00—
4 -
< ———— & —
L)
23
0
£
[}
g2
2 Octupole thresholds
o N o— relaxed collimators R.elaxed 2.3e11: 365A
—e— tight collimators T!ght 1.8e11: 352A
—&— relaxed collimators + flat optics + std feedback T'th 2.3e11: 442A
%% 12 14 16 18 20
Ql
HHL_!HCLPJROJECTI, N. Mounet et al - WP2 - HL-LHC Annual Meeting
a 27/09/2023



Appendix

N. Mounet et al - WP2 - HL-LHC Annual Meeting 27/09/2023



Crab cavities: noise & amplitude feedback

= Heavy simulation effort to understand if Landau damping from beam-
beam effects sufficient to damp instabilities from CC amplitude
feedback used to mitigate noise issue (800 MHz demodulation)
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© 11088 Xsuite, including beam-beam, feedback &
impedance effects

= instability from feedback stabilized by
beam-beam

.. but 400 MHz demodulation preferable
(no instability in the first place).
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= Designing a faster approach to simulate multibunch instabilities:
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Dynamic Aperture (DA): flat optics

Round vs flat optics (end-of-levelling, with crab cavities)
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— DA slightly better in round than in flat optics, but still large
parameter space to explore.
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