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Outline

* Introduction to harmonic cavities

 Survey of solutions at 4th generation storage-ring light-sources
* Collective effects

* Cavities at multiple harmonics
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HarmonlLIP

* LEAPS internal project
supported by LEAPS
Working Group 2

* 1.5 day workshop in e -ﬁ .
October 2022 at MAX IV in H'jﬂ e
Lund, Sweden A " ol e

* Next workshop to be =
hosted by ESRF in March & ¥
2024
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Harmonic Cavities (HCs)

e Harmonic cavities used to flatten the
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Types of Harmonic Cavity 2
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Survey



Harmonic Cavity Survey

 Survey of harmonic cavity systems carried out in preparation for HarmonLIP
* Extended outside Europe for this talk
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Types of Harmonic Cavity - Survey

DIAMOND-II BESSY III
ELETTRA 2.0 ESRF-EBS
Active for a potential
R T HALF FLS at KEK ALS-U
longitudinal injection Other options
scheme considered
SIRIUS PETRA IV MAX IV 3 GeV
HEPS SLS 2.0 SPS II SOLEIL-II
SC Active SC Passive NC Active NC Passive
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Damping of Longitudinal Coupled-Bunch
Instabilities

F. Cullinan, A. Andersson, and P. Tavares, IPAC2020, WEVIRO5, Longer bunches - rejection of (high-
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Lengthening Ratios

* As a multiple of the natural bunch length

* Not specified whether effect of short-range wakefield should be included

* Often a range given... 2

Number
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Fill Patterns - Semi-analytical Methods

] ] F.J. Cullinan, A. Andersson, and P. F. Tavares, PRAB 23 074402,
Semi-analytical methods developed: (2020).

* N. Yamamoto, T. Takahashi & S. Sakanaka,
PRAB 21, 012001, (2018).

e T. Olsson, F. J. Cullinan & A. Andersson,
PRAB 21, 120701 (2018).

 R. Warnock & M. Venturini, PRAB 23,
064403 (2020).

* R. Warnock, PRAB 24, 024401 (2021) and
PRAB 24, 104402 (2021).

* T. He et al., PRAB 24, 044401 (2021).
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Fill Patterns - Survey

required in SIS 2.0
Other fill patterns hybrid m<’)de
considered with low HEPS
priority \
SOLEIL-II HALF
SIRIUS FLS at KEK APS-U Swap-out
$ injection by
PETRA IV ESRF-EBS ALS-U .
MAX IV 3 GeV DIAMOND-II ALBA II
Even fill only Hybrid mode Uneven fill

(other reasons)
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Fill Patterns - Multiple Trains 5 et cheo Toromsost, ieaczozz
Transient Beam Loading

* Additional gaps helps up to the point where the bunch length no longer increases Simulations for all IDs closed including 8 NC MCs with

- lifetime gain decreases due to higher bunch charge. RF feedback, SC HC and longitudinal impedance.
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Fill Patterns - Guard Bunches

e Reduce arrival time and J. Calvey & M. Borland, PRAB 22, 114403 (2019).

bunch length variation along .
centre of train
* Help with ion clearing* .

Charge Multiplier

0
YR PR ESIPPESL PSP E PP

N. Milas and L. Stingelin, THPEO84, IPAC 2010, bunch number

Kyoto, Japan.
*J. Calvey & M. Borland, PRAB 22 114403 (2019).
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Collective Effects



Robinson Mode Coupling

F. Cullinan, A. Andersson, and P. Tavares, IPAC2020, WEVIRO5.
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Robinson Modes - S and D Modes

e Two Robinson modes seen in simulation 25

A. Gamelin, I.FAST workshop 2022, Karlsruhe, Germany (2022)
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See also A. Gamelin talk later (MO382)
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Robinson Modes - S and D Modes

T. He et al., PRAB 26 064403 (2023).
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Mode 1 Excitation

* R. A. Bosch, K. J. Kleman
& J. J. Bisognhano,
PRSTAB 4 074401
(2001).

* M. Venturini, PRAB 21,
114404 (2018).

- T. He, PRAB 25 024401
(2022).
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Cavities at Multiple Harmonics



Developed by
A. Andersson, L. Malmgren
& P. F. Tavares

Multiple Higher Harmonics
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Conclusion

* Harmonic cavities are essential in 4th-generation storage rings

* Survey reveals normal-conducting active or superconducting passive
options preferred

* Not generally relied upon for damping of HOM-driven instabilities

* Harmonic cavity fundamental mode can drive several different
instabilities

 Cavities at multiple RF harmonic can lengthen the bunches further
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