
Chapter 2
Historical Perspectives

Richard J. Briggs and Glen Westenskow

2.1 Introduction

The main objective of this chapter is to provide an overall perspective on the
historical evolution of induction accelerator technology, and the applications that
motivated its initial development. Understanding the context of these early devel-
opments might help the reader appreciate why particular technical approaches were
followed in the past, and why new applications might push induction accelerator
developments in different directions in the future. However, the main emphasis in
all cases is to provide historical perspectives on the technical features of the accel-
erator technology, and not a detailed history of the projects that motivated their
development.

Because the authors have personal knowledge of many of the early pioneering
linear induction accelerator developments in the USA, these will be covered in the
greatest detail. We will attempt to balance this emphasis by also providing refer-
ences and brief summaries of the parameters of various induction accelerators built
in other countries throughout the world.

The Betatron also uses pulsed voltages on a magnetic core to generate an induc-
tive acceleration field, and its development preceded linear induction accelerator
developments by a couple of decades. As we noted in Chap. 1, the technology
and beam dynamics of the Betatron are fundamentally different from the induc-
tion accelerators discussed in this book. Pulsed voltages many orders of magnitude
smaller with pulse lengths many orders of magnitude longer than linear induction
accelerators are used to accelerate the electrons that circulate around the transformer
core of the Betatron, and the pulsed magnetic fields of the core are an integral
part of the magnetic focusing system of the electrons. We therefore consider a
detailed discussion of the history of the Betatron development, like the history of
RF accelerators, to be outside the scope of this book.
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2.2 Invention of the Linear Induction Accelerator
by Christofilos

The Astron controlled-fusion concept invented by N. C. Christofilos required very
high pulsed currents of relativistic electrons [1, 2]. The objective was to create an
intense enough electron ring for its self magnetic field on axis to be stronger than the
applied solenoidal magnetic field. The resulting closed magnetic field lines would be
an ideal magnetic bottle to confine a thermonuclear plasma. Radiofrequency accel-
erators could not provide the 100’s of Amp currents required in this application.
To explore this fusion concept, Christofilos conceived of, and developed, the linear
induction accelerator technology to serve as the injector for the Astron.

The original Astron Injector shown in Fig. 2.1 began operation in 1963 [3]; it
produced a 300 ns, 350 A electron beam at around 3.7 MeV. The upgrade to 6 MeV
and 800 A shown in Fig. 2.2 was completed in 1968 [4]. Both of the Astron Injectors
used commercial coaxial cables charged to 25 kV as the energy storage medium,
switched by thyratrons, to deliver a 400 ns pulse to magnetic “transformer” cores
constructed out of Ni–Fe tape. (See Sects. 6.2 and 6.3 for more details on the Astron
Injector modules themselves). With individual core voltages of ∼12.5 keV (half the
charge voltage on the energy storage cable), a large number of switch modules were
required and the average acceleration gradient was relatively low (0.2–0.3 MeV/m).
But these machines did have the remarkable capability to produce a burst of up to
100 electron pulses (limited by the energy stored in a rotating generator) at repetition
rates of order 1 kHz. This burst output capability was required to study the build up
of the electron ring by “stacking” successive electron beam pulses in the plasma
confinement vessel on a fast enough time scale.

The Astron Injectors produced very repeatable and high quality electron beam
pulses, and the energy variation within the pulse on the Astron Upgrade accelerator

Fig. 2.1 Original Astron Injector (1963)
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Fig. 2.2 Astron Injector upgrade (1968)

could be reduced to less than 0.1–0.2% with careful tuning of the pulse compen-
sation networks in the drive system. This precision was felt to be important for
controlling the trapping of the electron pulses injected into the confinement vessel.

It should be noted that the beam current in the Astron Upgrade, originally
designed to produce a 1 kA beam, was limited to about 800 A by the beam breakup
instability (BBU), and for a good quality beam the current needed to be less than
500–600 A [4]. The BBU instability in induction accelerators was poorly understood
at that time but its observation in the Astron Injector did serve as a warning in the
design of subsequent machines to study and to minimize cell resonances.

2.3 Early History of Short-Pulse Induction Accelerators
at LLNL and LBNL

Lawrence Livermore National Laboratory (LLNL) and Lawrence Berkeley National
Laboratory (LBNL; formerly denoted LBL) continued to pioneer the linear induc-
tion accelerator technology following its origination by N.C. Christofilos in the early
1960s. A summary of some of the key parameters of these accelerators and the
Astron Injectors is given in Table 2.1. Switch modules listed drive the accelerator
cells.
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At LBNL a program to investigate the electron ring collective ion accelerator
(ERA) concept, following successful initial experiments in the USSR by Sarentsev
and his group, led to the development of a new type of shorter pulse induction accel-
erator in the late 1960s [5]. In the electron ring collective ion accelerator concept,
invented by V.I. Veksler, a small radius electron ring was loaded with a few ions
by ionization of a background gas. The electron ring and its ion load were then
accelerated along the axis of the ring; the ions trapped within the ring could be
accelerated at a much higher gradient than in conventional accelerators. To create
the electron ring, an injected electron beam pulse of 10’s of ns at beam currents of
a few 100 Amps was required. Following successful initial experiments using the
Astron Injector, the 4 MeV ERA Injector at LBNL shown in Fig. 2.3 was built to
study the formation of these electron rings. It introduced the use of ferrite tiles for
the magnetic core material, and it used much higher voltage pulsers driving each
core than the Astron Injector (the electrical energy storage was based on oil-filled
Blumleins operating at 250 kV, as described in Chap. 4). The current through the
accelerator was generally around 1–1.5 kA, but collimation systems were used to
separate out a high quality beam of a few 100 Amps.

Fig. 2.3 Electron Ring Accelerator Injector, the first induction linac to use ferrite cores (1970)
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A program aimed at the study of electron beam propagation in air for directed
energy weapon applications lead to the development and construction of similar
shorter pulse machines at LLNL in the late 1970s and early 1980s. The predicted
requirements for stable propagation of a self-focused beam in air was a peak current
of order 10 kA or more, and a one kHz “burst mode” capability was needed to
explore the creation of rarefied channels in the air to extend the propagation range.
A 4.5 MeV Experimental Test Accelerator (ETA) was constructed to develop the
technologies required for this high current, high burst repetition-rate operation [6].
Individual cores in both the ETA and the 50 MeV Advanced Test Accelerator (ATA)
shown in Fig. 2.4 were driven by 250 kV Blumleins switched by spark gaps. These
pulse power units were capable of 1 kHz burst operation [7], and the Blumleins used
water with its high dielectric constant as the energy storage medium to produce the
required output current of 20 kA. The gradient in the 50 MeV ATA was on the order
of 1 MeV/m, considerably higher than the earlier longer pulse machines. These
accelerators were used to study self-focused beam propagation in air, and also to
investigate high gain Free Electron Laser (FEL) amplifiers in the mm and infrared
wavelength bands (discussed in Chap. 8).

The requirement for an intense pulsed X-ray source for radiography in non-
nuclear hydrodynamic experiments supporting nuclear weapons research (see
Chap. 8) lead to the construction of the 18 MeV FXR machine at LLNL [8]. FXR
was built in the same timeframe as ATA, with a design based on the ERA injector
and ETA. It has been a workhorse in “flash radiography” of hydro experiments for
the last several decades. The 20 MeV first axis of DARHT-I built at Los Alamos
National Laboratory (LANL) in the early 1990s [9] made several improvements
on the FXR design, and it has been providing an even more robust radiography
capability.

Fig. 2.4 Advanced Test Accelerator, the highest energy induction linac (1983)
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2.4 Long-Pulse Induction Accelerators

At the same time that the LBNL/LLNL programs were developing the short-pulse
ferrite core induction technology, a program was initiated at the National Bureau
of Standards (NBS, now NIST) to extend the induction linac technology to much
longer pulse lengths (∼2 μs) to get higher total charge per pulse [10]. It was rec-
ognized that much longer pulse length induction accelerators extended to higher
energies would require a more cost effective way to construct induction cores with
a larger energy gain per module. Cost considerations lead to the choice of thin
mild-steel foil wound with Mylar sheet insulation into tape-wound cores, and radial
segmentation to enhance the acceleration gradient (see Chap. 6). The prototype
modules constructed at NBS accelerated a 1 kA beam by 400 keV, held constant
within a few percent over the full 2 μs pulse (see Table 2.1).

The legacy of this long-pulse induction linac development continued in the
Heavy Ion Fusion Program at LBNL. In the mid 1970s, it was recognized by
Maschke and others that an intense multi-GeV beam of heavy ions could be an
attractive driver for inertial fusion energy (see Chap. 10). Because very high inten-
sity beams are required in this application, the USA Heavy Ion Fusion (HIF) pro-
gram has focused on driver concepts based on linear induction accelerator technol-
ogy for the past three decades. The heavy ion beam must be eventually compressed
to pulse lengths of order 10 ns at the target, but space charge limitations in the beam
transport in the earlier sections of the linac lead to multi-μs induction cores for
much of the accelerator. In the late 1980s, a 1 MeV heavy ion induction accelerator
test bed (MBE-4) was built to accelerate four parallel 10 mA Cesium ion beams
through the same induction cores [11]. The Astron cores were reused in the MBE-4,
and the beam pulse lengths varied from 2.0–0.5 μs.

The recent construction of a long-pulse electron induction linac for multiple
pulse radiography at LANL, the ∼18 MeV second axis of DARHT (DARHT-II),
represents a significant advance in the long-pulse induction technology [12]. The
DARHT-II cell design and its application to radiography are both discussed in the
later chapters of this book (Chaps. 6 and 8).

2.5 High Repetition-Rate Induction Technology Developments

Motivated by applications requiring high average power, like microwave power
sources for heating of magnetically confined plasmas, and short-wavelength FELs
for directed energy weapon applications, the technology of magnetic modulators
for induction accelerators was pioneered at LLNL by the late Dan Birx in the early
1980s. A watershed in this development was the construction of the MAG-I-D mod-
ulator in the early 1980s [13]. Using thyratrons as the primary switch, this pulsed
power system produced 125 kV, 8 GW peak, 70 ns pulses at a 5 kHz repetition-
rate (quasi-CW) for an average power of ∼3 MW. The efficiency of this multistage
magnetic pulse compression system exceeded 90%; this made it a viable candidate
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for induction linac pulsed power systems in applications where high conversion
efficiencies were needed.

Three MAG-I-D units were used to power the 60-cell ETA-II accelerator con-
structed at LLNL in the late 1980s [14]. This accelerator was built as a testbed for
the development of high average power, high brightness electron beams. ETA-II
produces a 6 MeV, 2 kA, 40 ns flat-top, very high brightness electron beam. It
was used as the electron beam source to drive a mm wavelength FEL for heating
a Tokamak plasma (discussed in Chap. 8). It has been used in recent years as a test
bed for advanced radiography development.

A smaller induction accelerator, SNOMAD-II, used solid state primary switches
to drive the magnetic pulse compressors [15]. The more recent advances in solid
state switching technology and their application to induction accelerator modulators
are described in Chaps. 4 and 11.

2.6 Recirculating Induction Linacs

Since linear induction accelerators (LIAs) generally have relatively low gradients,
around one MeV per meter with short-pulse LIA’s like ATA and even lower with
long-pulse LIA’s, the idea of recirculating the beam through the cores several times
with independent beam transport lines has often been considered. The main objec-
tive is to obtain significant savings in cost, size, and weight of a high energy induc-
tion accelerator. Note that this “recirculating linac” architecture is very different
from the induction synchrotron discussed in Chaps. 11 and 12, or a Betatron. The
approach discussed here is more closely related to the Microtron, a “recirculating
RF linear accelerator.”

With a long-pulse electron beam (multi-μs, hundreds of meters in length) of
“modest” current (a few kA), passing the beam several times through a few modules
during the time of one voltage pulse on the induction cores can significantly reduce
the number of modules required for a given final beam energy. The large bore of
long-pulse induction cores and the low impedance of the pulsed power drivers are
key here, since the bore must accommodate the simultaneous presence of several
beam transport sections at once, and the total beam current load on the induction
module (over most of the pulse length) is increased by the number of recirculations.
This approach was considered at NBS, and experimental studies of electron beam
recirculation through long-pulse induction cores with a two-pass facility delivering
20 keV per pass were carried out [16].

With shorter electron beam pulses a more reasonable recirculation scheme is to
apply voltage pulses lasting slightly longer than the duration of a single beam pulse
on a set of induction modules. The cores would then be reset during the recircula-
tion time, and the pulse reapplied when the beam pulse comes around again. This
approach, with a novel beam transport system utilizing static magnetic guide fields
on the separate beam transport lines, was developed at PSI [17]. The spiral shape of
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the transport lines motivated its name, the Spiral Line Induction Accelerator (SLIA).
Transport and acceleration of a 10 kA, 30 ns beam pulse around one turn of a SLIA
with minimal emittance growth was demonstrated, and a 2 kA beam was accelerated
around two turns to 9 MeV.

The Heavy Ion Fusion (HIF) program has also considered beam recirculation to
reduce the cost of a heavy ion beam driver (see Chap. 10). In a conceptual inertial
fusion power plant design, the induction acceleration stages would be relatively long
and circular, and the beam pulse would occupy less than half the circumference.
The cores would have fast resets, and the (burst) repetition rate of the pulsed power
systems would be very high (∼10–100s of kHz). An experimental test bed to study
the beam transport in a heavy ion recirculator was constructed at LLNL, but only
1/4 turn of a 80 mA beam with 5 induction cells were completed before the project
was terminated [18]. Recirculation of an intense space-charge dominated beam has
continued to be studied using a low energy electron beam at the University of Mary-
land (UMER) [19].

2.7 Former USSR Induction Accelerators and “Coreless” LIA’s

A number of “magnetic core-type” induction accelerators were constructed and
operated in the former USSR during the same general time frame as the devel-
opments in the USA discussed in the previous sections. The first machine, the
1.5 MeV LIA-3000 at JINR, was completed around 1966 [20]. It was similar in
many respects to the original Astron Injector, with Permalloy cores and a thermionic
BaO cathode, and it operated at similar beam currents. As mentioned in Sect. 2.3,
the collective ion acceleration results with an electron ring accelerator using this
machine as the injector were a major stimulus for the initiation of the ERA program
at LBNL.

A list of the other core type induction accelerators in the former USSR that the
authors are aware of, and their key parameters, are given in Table 2.3. Detailed
information on these accelerators was in general not publicly available until recently,
and gaps still remain.

The so-called “coreless” or “line-type” induction accelerator was pioneered in
the former USSR starting in the late 1960s [21, 22]. The accelerator modules in a
“core-less” induction accelerator do not contain magnetic material; instead, short-
duration acceleration voltage pulses are generated (for example) by firing closing
switches on one side of a radial Blumlein configuration charged to several MeV.
These modules are generally very low impedance, operate at a very high voltage
per stage, and can accelerate extremely high electron beam currents. For example
the highest energy accelerator (the LIA-30) accelerated 50–100 kA, 25 ns beam
pulses to 40 MeV [23]. The applications that motivated these developments were not
known at the time they were first reported, but were thought to be nuclear weapons
effects simulation and radiography.
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The initial reports of these developments at VNIEF (former USSR, presently
Sarov, Russia) stimulated the development of high current radial line accelerators in
the USA. The RADLAC-I accelerated a 25 kA, 15 ns pulse length electron beam to
9 MeV using 4 radial line stages operating at around 1.75 MeV each [24, 25]. Issues
with beam transport at these high currents lead to the development of a follow-
on machine (RADLAC-II) reconfigured into an Inductive Voltage Adder (IVA) –
basically, a single stage high voltage diode with a ∼12 MeV stalk voltage generated
by inductive addition of the stages [26].

As mentioned in Chap. 1, these “coreless” induction accelerators represent sig-
nificant technological achievements but we do not cover their designs in detail in
this book. We should note, however, that there is recent interest in the development
of very short pulse length “coreless” induction linacs with extremely high gradi-
ents [27].

2.8 Summary Tables of Induction Accelerators World-Wide

To give an overall perspective on the development of induction accelerator technol-
ogy over the past decades throughout the world, summary tables with references
are provided in this section. The accelerators included in these tables are all the
machines we are aware of that have been constructed and operated. The parameters
listed are the energy, current, pulse length, and repetition rate of the output beam.
In cases where the information was available, the repetition rate is qualified with
the burst rate value and the number of shots (in parenthesis) that the burst rate
could be maintained. The authors made a “best effort” to determine these beam
parameters from published descriptions, but caution should be exercised by the
reader. For example, pulse lengths are often not measured consistently and it is
generally not clear whether quoted parameters are “typical” operating conditions
or the occasional “best shot.” Table entries where parameters could not be deter-
mined are indicated with dashes. The beam particles are electrons unless otherwise
indicated.

In Table 2.2 the “core type” induction accelerators in the USA are listed. For
completeness, this table includes the machines already discussed in some detail
in the earlier sections. A major objective of the HBTS, SNOMAD-II, and ETA-II
accelerators, for example, was the development of high average power capability
of induction linacs. The recirculator was intended as an induction based ring with
modulators capable of rapid pulse bursts as the beam pulse circulated in the ring.

The “core type” induction accelerators in the former USSR are listed in Table 2.3.
Most of these accelerators operated at relatively modest beam voltages, with the
exception of the LIA-30/250. This machine reportedly had the unique combination
of a high beam voltage (30 MeV) and a relatively long pulse length.

Several “coreless” (also referred to as “radial line” type) induction accelerators
are listed in Table 2.4. As discussed in Sect. 2.7, the development of this type of
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Table 2.2 USA “core-type” induction accelerators

Energy Current Pulse Rep.-rate Operational
Institute [MeV] [A] [ns] [Hz] years References

Astron LLNL 3.7 350 250 60 1963–1967 [3]
Burst 1.4 k (100)

Astron
upgrade

LLNL 6 800 300 60 1968–1975 [4]
Burst 0.8 k (100)

ERA LBNL 4 3 k 30 ∼1 ∼1970 [5]
NBS

prototype
NBS 0.8a 1 k 2,000 < 1 ∼1975 [10]

ETA LLNL 4.5 10 k 30 2 1977–1987 [6]
Burst 900 (5)

FXR LLNL 17 3 k 60 0.3 1980–Present [8]
ATA LLNL 45 10 k 75 5 1983–1995 [7]

Burst 1 k (10)
HBTS LLNL 3 2 k 50 ∼100 1984–1990 [28]

Burst 5 k
MBE-4 LBNL 1 0.04b Cs+ 500 < 1 1984–2000 [11]
ETA-II LLNL 6.5 3 k 50 ∼1 1989–Present [14]

Burst 2 k (50)
SNOMAD-II MIT 0.5 500 50 ∼1 ∼1991 [15]

Burst 5 k
SLIA PSI 5.5 10 k ∼30 ? ∼ 1996 [17]

Burst 10 M
CLIA PI 0.75 10 k 100 100 (5 k) ∼1993 [29]

1 k (5)
RTA LBNL 1 1.2 k 250 4 1998–2001 [30]
Recirculator LLNL 0.08c 0.002b K+ 4,000 0.1 ∼1999 [18]

Burst 100 k (100)
DARHT-I LANL 19.8 2 k 60 < 1 1999–Present [9]
DARHT-II LANL 17 2.1 k 1,600 < 1 2003–Present [12]

Abbreviations: LLNL – Lawrence Livermore National Laboratory (formerly LRL-Livermore),
LBNL – Lawrence Berkeley National Laboratory (formerly LRL-Berkeley), NBS – National
Bureau of Standards (presently NIST), MIT – Massachusetts Institute of Technology, PSI – Pulse
Science Inc., San Leandro, CA, PI – Physics International Company, San Leandro, CA.
aInduction cells boosted injector voltage by 400 kV.
bCurrent of ion machines are distinguished by listing the ion and charge state with the
current.
cOnly one quarter turn installed. Energy boost by 5 induction cells was 500 V.

accelerator was pioneered in the former USSR, culminating in the construction of
a 40 MeV, 100 kA accelerator (LIA-30). The USA RADLAC machines are also
included in this table.

A number of linear induction accelerators were constructed in Japan for FEL and
Two Beam Accelerator (TBA) research projects (see Table 2.5). The application
of induction accelerator technology to high energy synchrotrons is included in the
table. This technology has been pioneered at KEK in Japan and is discussed in detail
in Chaps. 11 and 12.
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Table 2.3 Former USSR “core-type” induction accelerators

Institute
Energy
[MeV]

Current
[kA]

Pulse
[ns]

Repetition-rate
[Hz]

∼Start
year References

LIA-3000 JINR 1.5 0.25 250 5 1967 [20]
SILUND JINR 1.7 0.7 15 1 1973 [20]
SILUND-2 JINR 0.8 1.0 20 50 1978 [20]
SILUND-10 JINR 0.25 8 20 1 1980 [20]
SILUND-20 JINR 2 1 20 50 1982 [20]
LEUK-20 JINR 1.5 – 60 20 1985 [20]
LIA-30/250 JINR 30 0.25 500 50 – [31]

Dual pulse
LIA-5/5000 ITEP 4 2 200 1 K design 1977 [32]
LIA-0.8/5000 MRTI 0.8 5 80 100 – [31]
LIA-0.4/10000 NPI 0.4 10 100 10 – [31]

Burst 50 (2 k)
LIA-0.5/5000 NPI 0.5 5 100 100 – [31]

Burst 1 k (10)
LIA-4/2 NPI 4 2 80 100 – [31]
SILUND-21 JINR 10(5) 1 60 – 1995 [33]

Abbreviations: JINP – Joint Institute for Nuclear Research, Dubna, NPI – Nuclear Physics Institute
at Tomsk Pollytechnic University, Tomsk, MRTI – Moscow Radio Technical Institute, Moscow,
ITEP – Institute for Theoretical and Experimental Physics, Moscow.

Table 2.4 Former USSR and USA coreless (“radial line”) induction accelerators

Institute
Energy
[MeV]

Current
[kA]

Pulse
[ns]

Rep.-Rate
[Hz]

∼Start
year References

LIA-2 VNIEF 2 25 35 � 1 1967 [34]
LIU-10 VNIEF 14 40 20 � 1 1977 [34]
Copy of

LIU-10
NIIP 14 40 20 � 1 – [34]

LIU-30 VNIEF 40 50–100 ∼25 � 1 1988 [34, 23]
I-3000 VNIEF 3.5 20 16 � 1 – [34]
STAUS VNIEF 2.7 15 40 � 1 – [34]
STRAUS-2 VNIEF 3.3 50 40 � 1 – [34]
LIU-10M VNIEF 20 50 20 � 1 1994 [34]

RADLAC-I SNL 9 25 15 � 1 1981 [24]
RADLAC-II SNL 9 40 20 � 1 1984 [25]

Abbreviations: VNIEF – All-Russian Scientific and Research Institute of Experimental Physics
(formerly Arzamas, presently Sarov), NIIP – Lytkarino (built for use by radiation researchers),
SNL – Sandia National Laboratory, Albuquerque, NM.

The linear induction accelerators built in France are listed in Table 2.6. The
20 MeV AIRIX accelerator was built for flash radiography. Its design is similar to
DARHT-I, and it achieved record-setting performance in the combination of beam
current (dose) and emittance (spot size). China is the most recent country to con-
struct a major linear induction accelerator for flash radiography, the DRAGON-I
accelerator in Table 2.7.
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Table 2.5 Japanese “core-type” induction accelerators

Institution
Energy
[MeV] Current [A] Pulse [ns]

Rep.-rate
[Hz]

∼Start
year References

FEL–KEK KEK 1.6 3 k 80 0.1 1987 [35]
KEK+JLA Naka,

JAERI
4 1 k 80 1 1997 –

LAX-1 Naka,
JAERI

1 3 k 100 1 1991 [36]

JLA Naka,
JAERI

2.5 3 k 100 1 1988 [37]

ETIGO-III Nagaoka
Univ.

8 5 k 30 < 1 1997 [38]

12 GeV PS
Ring

KEK 0.01/Turn 0.48a 500–100 1 M 2006 [39]

RAIDEN ILE 4 1.2 k 100 < 1 1990 [40]

Abbreviations: KEK – National Laboratory for High Energy Physics, Tskuba, JAERI – Japan
Atomic Energy Research Institute, ILE – Institute for Laser Engineering, Osaka University, Osaka.
aProton current.

Table 2.6 French “core-type” induction accelerators

Institution
Energy
[MeV]

Current
[kA]

Pulse
[ns]

Rep.-rate
[ns] Operational References

LELIA CESTA 3 1 80 ∼1
(∼1k burst)

1991–2002 [41]

PIVAR CESTA 8 3.5 80 < 1 2000–2002 [42]
AIRIX B3–M/PEM 20 4 80 < 1 1999–Present [43]

Abbreviations: CESTA – Centre d’Etudes Scien. et Tecniques d’Aquitaine, Le Barp, B3–M/PEM –
Institute at Pontfaverger–Moronvilliers.

Table 2.7 Chinese “core-type” induction accelerators

Institution
Energy
[MeV]

Current
[kA]

Pulse
[ns]

Rep.-rate
[Hz] Operational References

LIAXF
(LIAXFU)

Institute of
Fluid
Physics

12 2.6 90 < 1 ∼1990–
Present

[44, 45]

DRAGON-I Institute of
Fluid
Physics

20 3 90 < 1 ∼2007–
Present

[46]

References

1. N. Christofilos. Astron thermonuclear reactor. In Second UN International Conference on
Peaceful Uses of Atomic Energy, Vol. 32, page 279, Geneva, Switzerland, 1958.

2. N. Christofilos. Energy Balance in the Astron Device. Nucl. Fusion Suppl. I, page 159, 1962.
3. N. Christofilos, R. Hester, W. Lamb, D. Reagan, W. Sherwood, and R. Wright. High current

linear induction accelerator for electrons. Rev. Sci. Inst., 35:886, 1964.



20 R.J. Briggs and G. Westenskow

4. J. Beal, N. Christofilos, and R. Hester. The Astron linear accelerator. IEEE Trans. Nucl. Sci.,
16:294, 1969.

5. R. Avery, G. Behrsing, W. Chupp, A. Faltens, E. Hartwig, H. Hernandez, C. MacDonald,
J. Maneghetti, R. Nemetz, W. Popenuck, W. Salsig, and D. Vanecek. The ERA 4 MeV Injector.
In Proceedings of the 1971 Particle Accelerator Conference, page 497, San Francisco, CA, 5–9
May 1971.

6. T. Fessenden, W. Atchison, D. Birx, J. Clark, E. Cook, R. Hester, L. Reginato, D. Rogers
Jr. R. Spoerlein, K. Sturve, and T. Yokota. The Experimental Test Accelerator (ETA). IEEE
Trans. Nucl. Sci., 28:3401, 1981. (Proceedings of the 1981 Particle Accelerator Conference,
Washington, DC, 11–13 Mar., 1981).

7. L. Reginato. The Advanced Test Accelerator (ATA), a 50-MeV 10-kA Induction Linac. IEEE
Trans. Nucl. Sci., 30:2970, 1983. (Proceedings of the 1983 Particle Accelerator Conference,
Santa Fe, NM, 21–23 March, 1983).

8. B. Kulke and R. Kihara. Recent Performance Improvements on FXR. IEEE Trans. Nucl. Sci.,
30:3030, 1983. (Proceedings of the 1983 Particle Accelerator Conference, Santa Fe, NM,
21–23 Mar., 1983).

9. M. Burns, B. Carlsten, T. Kwan, D. Moir, D. Prono, S. Watson, E. Burgess, H. Rutkowski,
G. Caporaso, Y.-J. Chen, Y. (Judy) Chen, S. Sampayan, and G. Westenskow. DARHT
Accelerators Update and Plans for Initial Operation. In Proceedings of the 1999 Particle
Accelerator Conference, page 617, New York City, NY, 27 Mar.–2 Apr. 1999.

10. J. Leiss, N. Norris, and M. Wilson. The design and performance of a long-pulse high-current
linear induction accelerator at the National Bureau of Standards. Part. Accel., 10:223, 1980.

11. R. T. Avery, C. S. Chavis, T. J. Fessenden, D. E. Gough, T. F. Henderson, D. Keffe,
J. R. Meneghetti, C. D. Pik, D. L. Vanecek, and A. I. Warwick. MBE-4, A Heavy Ion Multiple-
Beam Experiment. IEEE Trans. Nucl. Sci., 32:3187, 1985. (Proceedings of the 1985 Particle
Accelerator Conference, Dallas TX, 1–5 May, 1985).

12. C. Ekdahl, E. Abeyta, L. Candill, K. Chan, D. Dalmas, S. Eversole, R. Gallegos, J. Harrison,
M. Holzscheiter, J. Johnson, E. Jacquez, B. McCuistian, N. Montaya, K. Nielsen, D. Oro,
L. Rodrequez, P. Rodrigues, M. Sanchez, M. Schauer, D. Simmons, H.V. Smith, J. Studebaker,
G. Sullivan, C. Swinney, R. Temple, Y. Chen, T. Houck, E. Henestroza, S. Eylon, W. Fawley,
S. Yu, B. Bender, W. Broste, C. Carson, G. Durtschi, D. Frayer, D. Johnson, K. Jones, A. Mei-
dinger, K. Moy, R. Sturgess, C. Tom, T. Hughes, and C. Mostrom. First Beam at DARHT–II.
In Proceedings of the 2003 Particle Accelerator Conference, page 558, Portland, OR, 12–16
May 1971.

13. D. Birx, E. Cook, S. Hawkins, S. Poor, L. Reginato, J. Schmidt, and M. Smithand. Magnetic
Switching. In Proceedings of the 4th IEEE International Pulsed Power Conference, page 231,
Albuquerque, NM, 6–8 June 1983.

14. D. Prono, D. Barrett, E. Bowles, G. Caporaso, Y.-J. Chen, J. Clark, F. Coffield, M. Newton,
W. Nexsen, D. Ravenscroft, W. Turner, and J. Watson. High Average Power Induction Linacs.
In Proceedings of the 1989 Particle Accelerator Conference, page 1441, Chicago, IL, 20–23
Mar. 1989.

15. D. Goodman, D. Brix, and B. Danly. Induction Linac Driven Relativistic Klystron and
Cyclotron Autoresonant Maser Experiments. In Proceedings of SPIE Vol. 1407, Intense
Microwave and Particle Beams II, page 217, Los Angles, CA, 21–24 Jan. 1991.

16. M. Wilson. Recirculation acceleration of high current relativistic electron beams – a feasibility
study. IEEE Trans. Nucl. Sci., 28:3375, 1981. (Proceedings of the 1981 Particle Accelerator
Conference, Washington DC, 11–13 March, 1981).

17. J. Smith, V. Bailey, H. Lackner, and S. Putnam. Performance of the Spiral Line Induction
Accelerator. In Proceedings of the 1997 Particle Accelerator Conference, page 1251, Vancou-
ver, Canada, 12–16 May 1997.

18. L. Ahle, T. Sangster, D. Autrey, J. Barnard, G. Craig, A. Friedman, D. Grote, E. Halaxa,
B. Logan, S. Lund, G. Mant, A. Molvik, W. Sharp, S. Eylon, A. Debeling, and W. Fritz.
Current Status of the Recirculator Project at LLNL. In Proceedings of the 1999 Particle Accel-
erator Conference, page 3248, New York City, NY, 27 Mar.–2 Apr. 1997.



2 Historical Perspectives 21

19. R. Kishek, G. Bai, B. L. Beaudoin, S. Bernal, D. Feldman, R. Fiorito, T. Godlove, I. Haber,
T. Langford, P. O’Shea, C. Papadopoulous, B. Quinn, M. Reiser, D. Stratakis, D. Sutter,
J. Thangaraj, K. Tian, M. Walter, and C. Wu. The University of Maryland Electron Ring
(UMER) Enters a Neegime of High-Tune-Shift Rings. In Proceedings of the 2007 Particle
Accelerator Conference, page 820, Albuquerque, NM, 25–29 June 2007.

20. G. Dolbilov. High Current Induction Linacs at JINR and Perspective of their Application for
Acceleration of Ions. In Y. K. Batygin, editor, AIP Conference Proceedings 480, Space Charge
Dominated Beam Physics for Heavy Ion Fusion, pages 85–98, Saitama, Japan, Dec. 2008.

21. A. Pavlovskii, A. Gerasimov, D. Zenkov, V. Bosamykin, A. Klementev, and V. Tananakin.
Ironless induction linear accelerator. Sov. Atom. Energy, 28:432–434, 1970.

22. A. Pavlovskii, V. Bossamykin, V. Savchenko, A. Klementev, K. Morunov, V. Nikolskii,
A. Gerasimov, V. Tananakin, and V. Basmanov D. Zenkov. The LIU-10 High-Power Electron
Accelerator. Dokl. Akad. Nauk. USSR, 250:1118, 1980.

23. V. Bossamykin, A. Koshelev, A. Gerasimov, V. Gordeev, A. Grishin, V. Averchenkov,
S. Lazarev, G. Maslov, and Yu. Odintsov. Intensive Neutron Source Based on Powerful
Electron Linear Accelerator LIA-30 and Pulsed Nuclear Reactor FR-1. In K. Jungwirth and
J. Ullschmied, editors, Proceedings of the 11th International Conference on High Power Par-
ticle Beams, page 619, Prauge, Czech Republic, 10–14 June 1996.

24. R. Miller, J. Poukey, B. Epstein, S. Shope, T. Genoni, M. Franz, B. Godfrey, R. Adler, and
A. Mondelli. Beam Transport issues in high current linear accelerators. IEEE Trans. Nucl.
Sci., 28:3343, 1981. (Proceedings of the 1981 Particle Accelerator Conference, Washington,
DC, 11–13 Mar., 1981).

25. R. Miller. RADLAC Technology Review. IEEE Trans. Nucl. Sci., 32:3149, 1985. (Proceedings
of the 1985 Particle Accelerator Conference, Vancouver, Canada, 13–16 May, 1985).

26. M. Mazarakis, J. Poukey, S. Shope, C. Frost, B. Turman, J. Ramierez, and K. Prestwich.
SMILE, a Self-Magnetically Insulated Transmission Line Adder for the 8-Stage RADLAC II
Accelerator. In R. White and K. Prestwich, editors, Proceedings of the 8th IEEE International
Pulsed Power Conference, pages 86–89, San Diego, CA, 15–19 June 1991.

27. G. Caporaso, S. Sampayan, Y.-J. Chen, D. Blackfield, J. Harris, S. Hawkins, C. Holmes,
M. Krogh, S. Nelson, W. Nunnally, A. Paul, B. Poole, M. Rhodes, D. Sanders, K. Selenes,
J.Sullivan, L. Wang, and J. Watson. High Graident Induction Accelerator. In Proceedings of
the 2007 Particle Accelerator Conference, page TUYC02, Albuquerque, NM, 25–29 June
2007.

28. G. Caporaso and D. Birx. Brightness Measurements on the Livermore High Brightness Test
Stand. IEEE Trans. Nucl. Sci., 32:2608, 1985. (Proceedings of the 1985 Particle Acceleator
Conference, Vancouver, Canada, 13–16 May, 1985).

29. S. Ashby, D. Drury, P. Sincerny, L. Thompson, and L. Schlitt. CLIA – A Compact Linear
Induction Accelerator System. In D. Mosher and G. Cooperstein, editors, Proceedings of the
9th International Conference on High Power Particle Beams, BEAMS’ 92, pages 1855–1860,
Washington, DC, 25–29 May 1991.

30. G. Westenskow, D. Anderson, S. Eylon, E. Henestroza, T. Houck, J. Kim, S. Lidia,
L. Reginato, D. Vanecek, and S. Yu. Relativistic Klystron Two-Beam Accelerator Studies at
the RTA Test Facility. In C. Hill and M. Vretenar, editors, Proceedings of the 17th Inter-
national Linear Accelerator Conference, pages 393–395, Geneva, Switzerland, 26–30 Aug.
1996.

31. Private communication with A. Krasnykh.
32. S. Martynov, V. Pershin, V. Plotnikov, and N. Popova. Experimental Investigation of the beam

of the LIA-5/5000 Electron Gun. In W. Bauer and W. Schmidt, editors, Proceedings of the
7th International Conference on High Power Particle Beams, BEAMS’ 88, pages 950–955,
Karlsruhe, Germany, 4–8 July 1991.

33. A. Fateev, G. Dolbilov, I. Ivanov, V. Kosukhin, N. Lebedev, V. Petrov, V. Razuvakin,
V. Shvetsov, and M. Yurkov. Status of the First Stage of Linear Induction Accelerator
SILUND-21. In Proceedings of the 1995 Particle Accelerator Conference, pages 1272–1273,
Dallas, TX, 1–5 May 1995.



22 R.J. Briggs and G. Westenskow

34. M. Voinov, A. L. Gerasimov, A. V. Grishin, N. Zavyalov, A. Koshelev, M. Kuvshinov,
V. Punin, V. Savchenko, and I. Smimov. Complexes on the Basis of High-Current Linear
Induction Accelerators and Pulse Nuclear Reactors. Nucl. Phys. Res., 34:82–84, 1999.

35. K. Takayama. 1.5 MeV Ion-Channel Guided X-Band Free-Electron Laser Amplifier. In
R.C. Fernow, editor, AIP Conference Proceedings 337, Pulsed RF Sources for Linear Col-
liders, pages 244–260, Montauk, NY, Oct. 1994.

36. K. Sakamoto, T. Tobayashi, S. Kawasaki, Y. Kishirmoto, S. Musyoki, A. Watanabe,
M. Takahashi, H. Ishizuka, M. Sato, and M. Shiho. Millimeter Wave Amplification in a Free
Electron Laser with a Focusing Wiggler. J. Appl. Phys., 75:36–42, 1994.

37. M. Shiho, S. Kawasaki, K. Sakamoto, H. Maeda, H. Ishizuka, Y. Watanabe, A. Tokuchi,
Y. Yamashita, and S. Nakajima. Design and Construction of an Induction Linac for mm Wave
Free Electron Laser for Fusion Research. Nucl. Inst. Meth. A, 341:412–416, 1991.

38. K. Yatsui, W. Masuda, C. Gregoriu, K. Masugata, W. Jiang, G. Imada, K. Imanari,
T. Sonegawa, and E. Chisiro. Pulse-Power and Its Application at LBT. In Proceedings of the
11th International Conference on High Power Particle Beams, Vol. 1, page 27, Prauge, Czech
Republic, 10–14 June 1996.

39. T. Dixit, Y. Shimosaki, and K. Takayama. Adiabatic Damping of the Bunch Length in the
Induction Synchrotron. Nucl. Inst. Meth. A, 582:294–302, 2007.

40. T. Akiba, K. Imasaki, K.Tanaka, S. Miyamoto, K. Mima, Y. Kitagawa, S. Nakai, S. Kuruma,
C. Yamanka, M. Fukuda, N. Ohigashi, and Y. Tsunawaki. Induction Linac FEL Experiment at
ILE. In Proceedings of the 7th International Conference on High Power Particle Beams, pages
1306–1310, Kongresszentrum, Karlsruhe, Federal Republic of Germany, 4–7 July 1988.

41. P. Eyharts, Ph. Anthouard, J. Bardy, C. Bonnafond, Ph. Delsart, A. Devin, P. Eyl, P. Grua,
J. Labrouche, J. Launspach, P. Le Taillandier, J. de Mascureau, E. Merle, A. Roques,
M. Thevenot, and D. Villate. First Operation of the LELIA Induction Accelerator at CESTA.
In Proceedings of the 1993 Particle Accelerator Conference, pages 670–672, Washington, DC,
17–20 May 1993.

42. P. Anthouard, J. Bardy, C. Bonnafond, P. Delsart, A. Devin, P. Eyharts, P. Eyl, D. Guilhem,
J. LaBrouche, J. Launspach, J. de Mascureau, E. Merle, J. Picon, A. Roques, M. Thevenort,
D. Villate, and L. Voisin. AIRIX at CESTA. In Proceedings of the 11th International Con-
ference on High Power Particle Beams, pages 628–631, Prague, Czech Republic, 10–14 June
1996.

43. E. Merle, R. Boivinet, M. Mouillet, O. Pierret, Ph. Anthouard, J. Bardy, C. Bonnafond,
A. Devin, P. Eyl, and C. Vermare. Installation of the AIRIX Induction Accelerator. In Pro-
ceedings of the 19th International Linear Accelerator Conference, pages 391–393, Chicago,
IL, 23–28 Aug. 1998.

44. J. Deng, B. Ding, J. Shi, Y. He, J. Li, Q. Li, G. Cao, L. Wen, and G. Dai. Upgrading of Lin-
ear Induction Accelerator X-Ray Facility (LIAXF). In Proceedings of the 19th International
Linear Accelerator Conference, pages 389–390, Chicago, IL, 23–28 Aug. 1998.

45. D. Dainam, D. Jianjun, H. Shenzong, S. Jinsui, Z. Wenjun, L. Qing, and H. Yi. Free Electron
Laser Amplifier Experiment Based on 3.5 MeV Linear Inuction Accelerator. In Proceedings
of the 1995 Particle Accelerator Conference, pages 246–247, Dallas, TX, 1–5 May 1995.

46. J. Deng, B. Ding, L. Zhang, H. Wang, G. Dai, N. Chen, Z. Dai, K. Zhang, J. Shi, W. Zhang,
J. Li, X. Liu, Y. Xie, M. Wang, L. Wen, H. Li, J. Wang, Z. Xie, and M.H. Wang. Design of
the DRAGON-I Linear Induction Accelerator. In Proceedings of the 21st International Linear
Accelerator Conference, pages 40–42, Gyeongju, Korea, 19–23 Aug. 2002.



http://www.springer.com/978-3-642-13916-1


