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Abstract

In this paper, we discuss the specific issues related
to the design of the Fast Kicker Systems for high
intensity proton accelerators. To address these issues
in the preliminary design stage can be critical since
the fast kicker systems affect the machine lattice
structure and overall design parameters. Main topics
include system architecture, design strategy, beam
current coupling, grounding, end user cost vs. system
cost, reliability, redundancy and flexibility.
Operating experience with the Alternating Gradient
Synchrotrons injection and extraction kicker systems at
Brookhaven National Laboratory and their future
upgrade is presented. Additionally, new conceptual
designs of the extraction kicker for the Spallation
Neutron Source at Oak Ridge and the Advanced
Hydrotest Facility at Los Alamos are discussed.

I. INTRODUCTION

precise wave shapes, multi-purpose and multi-mode
applications, and improved flexibility and reliability.

Of all the pulsed power systems used in accelerator
facilities, the fast kicker systems have been the most
challenging ones to design, develop, implement and
operate. Circuit designers are faced with a very
limited choice of devices and must often rate them at
levels beyond the manufacturer’s specifications. Due
to the cost impact, physical size, and the performance
requirements, kicker systems have become an
increasingly important part of an overall accelerator
project. It is therefore necessary to address the kicker
design and evaluate possible options in the early
stages of lattice design and project planning.

II. NEW DESIGNS AND PROPOSALS

A. iUternating Gradient Synchrotrons Fast Kicker
System Upgrade

A picture of the Collider-Accelerator Complex,

Pulsed-power technology has grown rapidly in the
area of particle accelerators. Fast manipulation of high
energy beams is often accomplished by the application
of high-strength, pulsed electromagnetic fields. For
instance, in the Brookhaven National Laboratory’s
(BNL) Collider-Accelerator Complex, we use pulsed-
power technology for fast injection and extraction
kickers, injection and extraction septa, orbit bumps,
gamma-transition energy jumps, and beam
instrumentation. Advances in pulsed-power
technology are needed for upgrades of existing
accelerators, new accelerators under construction, and
fhture accelerators in the design and proposal stage.
These advances frequently include combinations of
higher peak powers, faster repetition rates, shorter
pulse rise/fall times, tighter pulse repeatability, more

‘ Work performed under the auspices of the U.S. Dept. of Energy.

Figure 1. Collider-Accelerator complex at BNL

2 This work was performed under the auspices of the U.S. De~artment of Energy by University of California Lawrence Liverrnore
National Laboratory under Contract No. W-7405 -Eng-48.



illustrating the location of the Alternating Gradient
Synchrotr~n (AGS) at BNL, is shown in Fi~. 1.,

We are currently involved in the conceptual design
of an upgrade of the AGS A5 injection kicker system.
This upgrade would allow an increase in transfer
energy from 1.5 to 2.0 GeV. To not affect adjacent
beam bunches, the system requires a fast rise and an
equally fast fall time of 140 nS and must operate for
multiple beam transfers between the Booster and the
AGS. It is also desirable to have a variable pulse
length. Our design study, based on an external pulser
using a transmission line to transport pulses to an
existing magnet, has shown that a minimum of 67 kV
will be needed to achieve the 2 GeV beam injection.
To reduce the operation voltage of the kicker, we are
considering using the present A5 section with an
additional straight section to extend the kicker
magnetic length.

There are several other kicker systems at the BNL
Collider-Accelerator Complex being studied for new
and upgraded designs. One is the AGS G1O fast
extraction kicker system upgrade. This system would
be used for multiple extractions of single bunches. It
would also be capable of fill-turn, multi-bunch
extractions. Present and fbture users of AGS G1O
include the Relativistic Heavy Ion Collider (RHIC)
yellow and blue rings, the G-2 experiment and other
high energy physics experiments.

B. The SNS Extraction Kicker Conceptual Design
The Spallation Neutron Source (SNS), shown in

Fig. 2, is being build at Oak Ridge National
Laboratory (ORNL). When completed, it will be a
new research facility for neutron science designed and
constructed by a collaboration of six DOE
laboratories.

Figure 2. Spallation Neutron Source at ORNL

Its main ring is an OMEGA configuration where
one side of the ring is dedicated to beam extraction.
The fast kicker system will consist of fourteen magnet
sections and fourteen high power modulators. In
response to SNS Project Office’s recent decision to
move all modulators outside of the ring tunnel, and the
Accelerator System Review Committee’s suggestion

of a low beam-impedance design, we proposed a new
design that satisfies all system requirements [1].

In the new conceptual design, we use a Blumlein
pulser with a parallel resistor and two transmission
cables to produce current doubling at the magnet. The
maximum voltage will be 50 kV with a peak output
current of 4 kA per modulator. A circuit diagram of
this concept and the load current waveforms of its
10’7oscale model are illustrated in Fig. 3.

The advantages of the new design includes a lower
operating voltage of about 25 kV, lower beam
impedance, largely increased design margin, and
substantially fewer transmission cables and tunnel
penetrations. With this design, only two cable
terminations per module are required inside the ring.
To implement the design, it is very critical to have a
low inductance assembly.
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Figure 3. SNS extraction kicker
Top - circuit diagram
Bottom - magnet current waveform of
10VOscale test model

A 10’%. scale model circuit has been built as a
proof-of-principle. The results demonstrate the design
principle works well, even with a double-deck
lumped-capacitor PFN for the B1umlein structure,
provided the stray inductance of the circuit and its
components is kept low. This project is in the first
article construction phase.

C. The Advanced Hydrotest Facility Kicker Systems
The Advanced Hydrotest Facility (AI-IF) is a multi-

axis, proton-radiography accelerator that is currently
in the pre-conceptual design phase at Los Alamos
National Lab. The current design has two synchrotrons
rings: a booster that accumulates a Iinac beam energy
in the range of a few hundred MeV and accelerates it
to 3 GeV, and a main synchrotrons that supplies
protons with maximum energy of 50 GeV to the beam
distribution system. Injection into the booster ring
will be done by foil-stripping H- ions into protons.
The booster synchrotrons will therefore require only an
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Figure 3: Collimator acceptance in terms of betatron amp-
litude vs. 6p/po. The geometry acceptance of the HEBT
achromat and the momentum spread limit at *4 MeV are
represented by dashed lines.

than 90% ensuring that the population of the gap in the ring
is less than % 10–5 of the total beam.

After being striped, the proton beam is deviated by the
dipole field into a large absorber outside the circulating
beam trajectory. The vacuum pipe geometry after the foil
has been adjusted to clear the dipoles and drive the H+
beam on the absorber [8]. In this case, the absorption ef-
ficiency in the collimator is 100% as protons are deviated
from the main path and hit the absorber located outside the
accelerator.

4 R~”T COLLIMATION

4.1 Requirements

Unlike the HEBT line, where the beam is small and the
micro bunch power is reduced, the beam circulating along
the RTBT line has the full beam power and a considerable
size compzwed to the line aperture. Besides, a full pulse
transported along the line with a large closed orbit devia-
tion may damage the target vessel. The main purpose of
the RTBT collimation system is to capture the beam in the
event of extraction kicker misfire. The optics and aperture
have been adjusted so that, if one of the fourteen extrac-
tion kickers fails, the beam is transported through the line
without scraping and the deviation on the target is under
2 mm (see Fig. 4). When more than one kicker fail at the
same time, the beam is intercepted by two collimators. The
position of the collimators has been chosen between the lo-
cations with large orbit deviation and is shown in Fig. 4
superimposed to the closed orbit deviation. The phase ad-
vance between them is = 135°.

4.2 Estimated pefoi=mance

Fig. 5 shows the beam center and extension at the two
collimator when two extraction kickers fail simultaneously.
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Figure 4: Vertical closed orbit deviation along the RTBT.
Thin lines correspond to one kicker misfire. Bold lines are
the maximum and minimum closed orbit deviation when
two kickers fail.

Figure 5: Beam position and size at the two RTBT ab-
sorbers after two extraction kicker missfire. The aperture
of the collimators corresponds to 400 mnrmmrad.

As for the 1313BT,we have simulated the absorption effi-
ciency of the collimators using a Monte-Carlo simulation.
We calculate the initial conditions entering the collimator
assuming a uniform beam of 160 mnmmrad total emit-
tance. The average impact parameter and angle in the ab-
sorbers are 3.4 mm and -4.8 mrad in the tirst absorber and
1.6 mm and 3.7 mrad in the second, leading to an average
absorption efficiency of 99.8% and 83.5%, respectively.

5 CONCLUSIONS

We have defined the requirements of the collimation sys-
tems in the transfer lines of the SNS accelerator. The fact
that the beam only makes one passage through the clean-
ing system makes capture more difficult than in multi-pass
systems and further tightens the requirements. Protection is
the major concern to design the system leaving the shaping
of the beam for the collimation system in the ring.
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