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* Extreme low emittance storage ring, which aim at achieving the
beam emittances of < 100 pmrad, are being actively designed as
future ring-based synchrotron light sources.

* In such rings, emittance growth & small beam lifetime
due to intrabeam scattering are serious concerns.

http://kekls.kek.jp

* One of solutions to such adverse effects is to lengthen
beam bunches (reducing the electron densities).

* For this purpose, the harmonic RF system is employed.
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* Storage ring main cavity is used to replace energy lost through

synchrotron radiation.

By adding nth harmonic voltage (cavity), we can shape the

bunch longitudinally.
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* Transient beam loading effect
» Reduction of the effect

» Compensation of Transient effect
*N.Yamamoto, et al., PRAB 21, 012001 (2018).
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* When the gaps (i.e. unoccupied RF buckets) are introduced in the
fill pattern of the ring, the bunch gaps induce considerable

. variations in both amplitude and phase in the RF voltage.
* The higher frequency (> 1.5GHz) cavity, the effect is more serious.
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« Optimum condition pied RF buckets) 60ps bunch gaps
(Uniform fill, MC + HC) M, the bunch ga (MC + HC)
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Harmonic voltage fluctuation vs Total R/Q
# (analytical calculation for KEK-LS ring)

Harmonic voliége fluctuation [%‘]' .

* The tran5|ent effect depends on the total R/Q values.
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Transient beam loading effect for SC-cavity

LR
* SC harmonic cavity

The effect is mitigated as compared to NC-cavity, but considerable
effects (bunch phase shift & length modulation) still remain.

Additional treatments are needed !
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» Reduction ofTran5|ent beam loading é'FFect l
®  ° Transient beam Ioadlng effect
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* Two measures;

(@) compensation on the main and harmonic cavities,
(b) compensation using a separate kicker cavity.
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Advantagé of the fhethod (b)‘
1+ Input RF power is minimized by
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Disadvantage
* Anotherspacein thering, RF system
(low level system, RF amp ...)
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Compensation with a kicker cavity

System overview

* We consider to use an active feedforward low level control, a kicker
cavity having the wide bandwidth and a Solid state amplifier.
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Compensation with a kicker cavity

How to obtain the feedfoward signal

- 1. The RF voltage of the kicker cavity can be decided to suppress
phase shifts of the bunches along the train.

* Main and harmonic voltage can be evaluated from the fill pattern
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How to obtain the feedfoward signal

Compensation with a kicker cavity

- 1. Evaluate the kicker cavity voltage
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2. Apply the bandwidth limitation, where the bandwidth should
be wider than the repetition frequency of the bunch train.
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Compensation with a kicker cavi
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Analytical estimation (SLS case).
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Analytic al estim 20 RMS bunch length [ps]

3MHz
ndwidth
60

% Kicker cavity parameter 50

Frequency [MHZ] 500 40
. R/Q [Q] 175
- Unloaded-Q 40000 KN
- Cavity number 1
" Cavity coupling 199 20
Loaded-Q 200

3dB bandwidth [MHZ] 2.5

Compensation Average Bunch Peak Generator Average
bandwidth [gledy Power Generator Power
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Macro particle stmulation for SOLEIL-U

Tracking code : Mbtrack *N.Yamamoto et al., IPAC2019 (2019) MOPGW039
Tracking with
Long-range wake fields due to RF cavity impedances
(Main SC cavity, passive 39-HC cavity, NC Kicker cavity)
* other impedance sources & intra-beam scattering were not taken account
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E RF frequency 352 MHz total R/Q 360 0 ;
i Momentum compaction 1.47e-4 =
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> Damping time LR Unloaded-Q  1x10° z
Radiation loss / turn 0.5 MeV Loaded-0 S =
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Macro particle sitmulatiz
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Macro particle simulation for SOI
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Summary e

* Harmonic RF system is essential in ring based future Iidht source.
* The performance is very sensitive to the Transient beam loading.

| » By using single kicker cavity with active feedfoward LLRF system,
5 the beam loading effect can be mitigated.
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' To realize kicker cavity compensation,

- We (SOLEIL, ESRF, SLS and KEK) are working together on ...

> Beam dynamics study in bunch lengthening operation

* Unstable Beam motion caused by cavity impedances;
AC/DC Robinson, coupled-bunch, ...
* Beam dynamics including other impedances such as resistive wall

»Design of HOM-damped Kicker cavity
»Design of (adaptive) feedforward Low level RF system
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