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The harmonic Kicker in Circulator Cooler Ring (CCR)
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The requirements on harmonic kicker

The kicked bunches are uniform
(with no angular spread).

The bunches between the kicks are
not affected by residual kicks

The number of the modes and the
kickers better be as small as
possible.

The total dissipated power of the
kicker must be minimized.

The kick must be stable against the
various degrading conditions.
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A single frequency pre-/post- kicker

A pair of the kickers are separated by
st phase

The kick consists of 5 (odd)
harmonic modes of 86.6 MHz (in one
cavity).

A careful RF/engineering design of
the cavity

An efficient frequency tuning system
and RF control.
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The profile of harmonic Kick

The temporal profile of harmonic kick The temporal profile of pre-/post kick
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Simulation setup

The beam dynamics simulation with ELEGANT
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Quarter wave resonator as harmonic Kicker
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Tuner design

 Linear approximation of frequency response to the tuner insertion

Afk = TriAs;
Afi 1s frequency deviation of k-th mode, T is tuning sensitivity matrix, and As; is displacement of i-th stub.

Tuning sensitivity matrix (around the default insertion depth / =15 mm) [MHz/mm)]
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Power coupler design

5thmode > 1st mode

e 5 harmonic modes are critically coupled to the cavity by a loop

Ficld leak coupler in predominantly magnetic region.
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RF Power and figures of merit

With beam loading, RF power from the RF source that maintains constant voltage in the cavity is given as

5 2 2 2
Vi, (14 5,)? kaR), Iy . Ofn kaRy, I
Pg B Z RJ_,n 4671 (1 - 1 + Bn VJ_,n - ng) " 2QL,TL fn B 1 + Bn VJ_,n oo ¢S

n=1

With I, = fi Op= 0.35 mA, ¢s=0 (deflecting phase), Ry, 45,

Figures of merit

Modes [ (MHz) Ry (MQ)  Pi (kW) Oo
| 86.6 1 0.95 0.37 6.47E+03 +4E-04 0.7 0.38
2 259.8 0.98 0.87 0.69 1.11E+04 +2E-04 1.2 0.70
3 433 0.94 0.61 0.99 1.44E+04 +2E-04 1.2 1.00
4 606.2 0.88 0.42 1.44 1.67E+04 +1E-04 1.1 1.44
5 779.4 0.80 0.23 2.52 1.58E+04 +1E-04 1.1 2.53
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Multipole fields of the QWR

e We evaluate multipole transverse fields in terms of ﬁg ﬁ%%
. . o . OO
multipole coefficients of longitudinal fields via ﬁg KB
Panofsky-Wenzel theorem. §§ &
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The refined mesh for multipole field evaluation




Multipole fields coefficients
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Multipole fields cancellation scheme (@ E.= 55 MeV)

Extraction kicker Injection kicker
Kicker bottom Kicker top
relative RF phase ¢rr= 7
betatron phase = z
? ¢ g
X X
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\ 4 \ 4 >
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Simulation results for 55 MeV Scheme
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The double-kicker cancellation scheme (@ E.=110 MeV)

Extraction kicker pair Injection kicker pair

Kicker top Kicker bottom Kicker top Kicker bottom

<
Circulating RF phase= 0, betatron phase=r | RF phase= 7
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Simulation Scheme for 110 MeV scheme
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HOM power spectrum

* The general analytical formula for induced voltage by n-th mode
in the cavity is
t

Vi (t) = ane(iw”_l/m)t / dt’ ](t/)e_(iw”_l/m)t, Single bunch

—00 profile is top-hat
V,» is induced voltage across the cavity, &, is \ (27x11) /ty (4x11)/ fp ) /

loss factor by a single charge, 7 1s beam
current, w, 1s angular frequency of the mode,

A

[
< |

and 7, 1s decay time of the cavity.

 The total power formula by n-th mode in the

cavity and total average power are The time structure of the beam current 7 in the CCR
2
Vi(t)
QL . R|| n/ QO
1/ fb

Pa/vezz n,ave Z /0 dtP
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HOM power estimation

 (average) Power of HOM

P ave,total ~ 10W (P ave,loss
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'|—*— Simulation
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Impedance spectrum

* In wake field simulation, the

é 2::‘915192:82 | Cut off freq. of beam port ’ | locations of the peaks in (real)
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* % T . .
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~ [ | | ¥ %* *L:k be il .
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Impedance spectrum
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Thermal/Structural Analysis of the QWR
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Temperature distribution @ power ~ 6.3 kW

Unit: °C
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Fabrication Plan

* Design review is upcoming and kicker cavity will be
fabricated soon.

* The subsequent development would be about the power (and
pickup) coupler, tuning system, RF source (SSA), vacuum
system, and control system.

* In particular, one option for power supply 1s 5 narrow band
amplifier for 5 harmonic modes and high-power harmonic

combiner.
Vacuum pump

April 1 — April 3, 2019 Spring 2019 EIC AcceIeRtF %OLII'CG

Motorized stub station



-

8 0T VIRV DY G P

Electrodynamics developed stand-
along HAWG with a Tektronix
oscilloscope and a PC based LLRF
controlker! 1 —Apri 3, 2019

e

6-channel 1W Harmonic Arbitrary
Waveform Generator (HAWG)

Voltage (mV)

Low Level RF Harmonic Driver Developed by Electrodynamics, SBIR-I Project
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