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Progress on the construction of the 100 MeV/100 kW electron linac

for the NSC KIPT neutron source
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Abstract: IHEP, China is constructing a 100 MeV/100 kW electron Linac for NSC KIPT, Ukraine. This linac will

be used as the driver of a neutron source based on a subcritical assembly. In 2012, the injector part of the accelerator

was pre-installed as a testing facility in the experimental hall #2 of IHEP. The injector beam and key hardware

testing results met the design goal. Recently, the injector testing facility was disassembled and all of the components

for the whole accelerator have been shipped to Ukraine from China by the ocean shipping. The installation of the

whole machine in KIPT will be started in June, 2013. The construction progress, the design and testing results of

the injector beam and key hardware are presented.
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1 Introduction

The Kharkov Institute of Physics and Technol-
ogy of National Science Centre (NSC KIPT, Kharkov,
Ukraine), together with Argonne National Laboratory
(ANL, USA), is developing a neutron source project that
is based on a subcritical assembly driven by an electron
linac with high average beam power [1]. The main pur-
poses of this project are to support the nuclear indus-
try and medical research. Reactor physics and material
research will be carried out. The goal is to create in
Ukraine the experimental basis for the neutron research
based on the safe intensive neutron sources.

The two main parts of the neutron source facility are
an electron linac and a beam transport line from the
linac to the target, both of which are designed by IHEP,
China. The linac should be able to provide a 100 MeV
beam with an average power of 100 kW. The beam line
should be able to provide a beam transfer with mini-
mum beam losses and form a homogeneous particle den-
sity distribution at the target. Construction of such an
accelerator with high average beam power and low beam

power losses is a technically challenging task, and all of
the components of the machine have to be designed, fab-
ricated, tested, assembled and commissioned elaborately
[2–4].

In 2012, the injector testing facility was pre-installed
in the experimental hall #2 of IHEP, the beam and key
hardware were tested, and satisfying results were ob-
tained. In the meantime, the performance of some hard-
ware was also improved by modifying the initial design.
Recently, the injector testing facility was disassembled
and all of the components for the whole machine have
been shipped to KIPT from China by the ocean ship-
ping. In early June of 2013, the machine will be assem-
bled in KIPT by an IHEP and KIPT joint team, hope-
fully the accelerator conditioning and commissioning will
be started soon.

2 Linac layout and main parameters

Figure 1 shows the schematic layout of the whole linac
with main parameters listed in Table 1. Fig. 2 shows the
mechanical layout of the accelerator tunnel including the
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Fig. 1. The schematic layout of the NSC KIPT electron linac.

Fig. 2. The mechanical layout of the accelerator
tunnel and the klystron source distribution.

Table 1. Main parameters of the NSC KIPT linac.

parameters values

RF frequency/MHz 2856

beam energy/MeV 100

beam power/kW 100

beam current (max.)/A 0.6

energy spread (peak-to-peak)(%) ±4

emittance/m·rad 5×10−7

beam pulse length/µs 2.7

RF pulse length/µs 3

pulse repetition rate/Hz 625

klystron 6 units/(30 MW/50 kW)

accelerating structure 10 units/1.338 m

gun high voltage/kV ∼120

nominal gun beam current ∼1−1.2 A

beam transport line to the target and the RF power
source distribution. The klystron gallery is located under
the accelerator tunnel.

To satisfy the peak-to-peak energy spread require-
ment at the linac exit, particles with large energy differ-
ence from the synchronous particle should be eliminated
at the low energy stage to ease the design of the beam
collimation and the radiation shielding systems. A dis-
persion free chicane system is introduced and located
downstream of the injector part but upstream of the 2nd
accelerating structure. There are four bending magnets
in the chicane system, the mechanical layout of which is

shown in Fig. 3. The bending magnets CB1 and CB4
are sectors, while CB2 and CB3 are rectangles. The first
bending magnet CB1 was specially designed to have two
functions. One is for the nominal beam collimation pro-
cess with a bending angle of 10◦; another is to be used
as an energy analyzing magnet (AM) with 45◦ bending
angle at the injector exit. The RF phases seen by the
electron beam in the injector can be optimized in the
real operation. The vacuum chambers for CB1, AM and
CB2 are integrated together for accelerator longitudinal
installation space saving reason. Similarly, the chambers
for CB3 and CB4 are also integrated.

Fig. 3. The layout of the chicane system.

3 Injector testing and upgrade

Figure 4 shows the schematic layout of the linac injec-
tor. To get a clean bunch without any satellite electrons
in each RF bucket downstream of the chicane system,
the phases of all of the RF structures and the solenoid
field along the injector are tuned to obtain the optimized
beam phase and energy spectra shown in Fig. 5 at the
injector exit, which are appropriate for the downstream
beam collimation.
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Fig. 4. The schematic layout of the linac injector.

Fig. 5. The optimized beam phase and energy spectra at the injector exit.

Figure 6 shows the injector testing facility installed
in the experimental hall #2 of IHEP in 2012. Initial
beam testing showed that the beam current signals mea-
sured by BCT and ACCT could not reflect the true beam
pulse shape because of the relatively longer rise/fall time
[4]. In the meantime, due to the interference of the
grounding system, the beam current waveforms’ swung
up and down along the whole beam pulse, and the beam
tuning and bunching efficiency estimation could only be
done very roughly. Finally, by replacing the BCT and
ACCT with FCT, improving the grounding system and
the beam tuning, the beam transportation efficiency in
the injector exit was increased to ∼90%. Fig. 7 shows the
measured beam current signals with the nominal value
of ∼1.1 A/2.7 µs at the electron gun exit. FCT1 and
FCT2 are located at the exits of the gun and injector,
respectively. The maximum beam current obtained at
the injector exit is ∼2 A with ∼3 µs pulse length, this
is limited by the electron gun capability. No clear BBU

effect is observed in the testing facility for this scenario,
thus it is believed that ∼600 mA beam can be success-
fully obtained at the downstream main linac part.

It is worth to point out that the 2.7 µs pulse length
is not so critical here, the ultimate goal is to obtain

Fig. 6. The injector testing facility installed in IHEP.
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a 100 MeV/100 kW electron beam. A lot of measures
have been adopted during the machine design stage to
ensure the beam performance of a 2.7 µs/600 mA beam
at the linac exit [2]. However, there is still a possibility
that only a <2.7 µs/<600 mA beam can be operated in
the real machine operation due to the regenerative beam
break-up (BBU) effect, the solution for this scenario is to
shorten the beam pulse length but increase the machine
repetition frequency above 625 Hz.

Fig. 7. (color online) The measured FCT1 (blue)
and FCT2 (red) signals.

Fig. 8. One typical beam profile measured at the
energy and energy spread measurement line.

By measuring the beam profile following a dipole an-
alyzing magnet located downstream of the injector, the
1σ beam energy spread at the injector exit were calcu-
lated to be ∼2%. Fig. 8 shows one typical beam profile
measured at the energy and energy spread measurement
line. During the whole measurement process, the in-
jector beam transportation efficiency was stabilized to
∼90%. No clear high energy beam tails were found but

only the low energy tails, which means that the electron
beams provided by the injector are very appropriate for
the beam collimation process with the following chicane
system to eliminate all particles with very large beam
energy and phase spreads. In this way, the beam power
losses along the beam transport line can be well mini-
mized.

The beam loading compensation system was also
tested by optimizing the klystron drive waveform, and
applying feed-forward and feedback techniques. It is
found that the injector’s beam energy spread can be fur-
ther decreased a little bit, which is expected and vali-
dates its functionality.

4 Main systems and components

The construction of all of the main accelerator sys-
tems were completed in early March, 2013. Later, all of
the auxiliary components were prepared and tested.

4.1 Electron gun

The thermionic electron gun with Y824 cathode as-
sembly has been in steady turn-key operation during the
whole injector testing period. The testing shows that
a >2 A/3.0 µs/120 keV beam can be produced stably
[5]. A maximum high voltage (HV) of 150 kV can be
provided by the HV power station, as shown in Fig. 9.

Fig. 9. The high voltage station for the 120 kV gun.

4.2 RF structures

The pre-buncher is a single cell standing wave (SW)
cavity as, shown in Fig. 10. The RF power is fed into
the cavity by rectangle waveguide with measured cou-
pling factor β=∼1.73. The cavity resonates at 2856 MHz
with a bandwidth of ±3.2 MHz.
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Fig. 10. The pre-buncher.

Fig. 11. The 6-cell travelling wave buncher.

The buncher is a travelling wave (TW) constant
impedance (CI) structure with phase velocity of β=0.75.
Initially, the buncher was designed to have only 4 cells.
However, the adoption of water cooling jacket demands
more longitudinal space (leading a longer buncher) to
ease the installation. Finally, one 6-cell version was de-
veloped, which is shown in Fig. 11. The measured VSWR
at 2856 MHz is ∼1.02 with a bandwidth of ∼5.5 MHz
(VSWR61.2). The measured filling time and attenua-
tion factor are ∼50 ns and ∼0.56 dB, respectively.

Ten TW constant gradient (CG) accelerating struc-
tures (A0–A9 along the Linac) with relatively bigger
beam apertures have been developed and will be installed
in the KIPT accelerator tunnel to boost the beam en-
ergy to 100 MeV. To suppress the BBU (both regener-
ative and cumulative) effect, a ∼1.3 m long 2π/3 mode
quasi-constant gradient structure was adopted. The iris
aperture decreases from 27.887 mm to 23.726 mm in
a stepwise fashion along the structure (26.220 mm to
19.093 mm for BEPC/3 m long structure). To detune
the dipole mode, its frequency spread was increased by
increasing the disk hole diameter step to ∼0.122 mm
(∼0.085 mm for the BEPCII 3 m long structure). At the
2nd to 6th disks of each structure from A1–A9, 4 holes
with diameters of 9 mm (A1, A4 and A7), 11 mm (A2, A5
and A8) and 13 mm (A3, A6 and A9) were drilled. This
will allow the HEM11 mode frequency to be increased a
certain amount in these cells. Detail specifications of the
∼1.3 m long structure can be found in Ref. [6].

Figure 12 shows one structure in the RF cold test-
ing lab. All of the 10 structures were tuned to have a
cell-to-cell phase error 6±0.5◦ and a cumulative error
to the first cell 6 ±2◦. The measured bandwidth, the
attenuation factor and the filling time are ∼5.5 MHz
(VSWR61.2), ∼0.155 Np and ∼220 ns, respectively,
which are consistent with the RF design [6]. A water
cooling jacket is mounted along each structure after the
RF tuning in the lab, which will be used to cool down
the structure during the machine operation with high
average RF input power.

4.3 RF source

Six RF power units, each consisting of a Toshiba
E37311 klystron (as shown in Fig. 13) and its modu-
lator, which is made in China, are applied in the KIPT
linac.

Fig. 12. The accelerating structure in the RF cold
testing lab.

Fig. 13. The Toshiba E37311 klystron.
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Fig. 14. The modulator, which is made in China.

Fig. 15. The klystron output waveforms with 27
MW peak output power at 500 Hz repetition rate.

The first RF power unit (shown in Fig. 14) used in
the injector testing facility to energize the pre-buncher,

the buncher and the first accelerating structure has been
conditioned up to a 500 Hz repetition rate with 3.2 µs
pulse width (flat-top), which is limited by the electrical
capability of the experimental hall #2. Fig. 15 shows the
corresponding klystron output waveforms with 27 MW
peak output power at a 500 Hz repetition rate. Fig. 16
shows the klystron output power at different modulator
high voltages.

Fig. 16. The relationship between the klystron out-
put power and the modulator high voltage.

4.4 Beam instrumentation

The beam instrumentation system is capable of mea-
suring the beam positions, the beam intensities, the
beam profile, the emittance, the beam loss, the beam en-
ergy and the energy spread, etc. These parameters and
information are very important for the machine commis-
sioning and operation.

Fig. 17. The beam instrumentation devices distribution along the linac and the transportation line to the target.
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Figure 17 shows the beam instrumentation devices
distribution along the linac and the transportation line to
the target. In the KIPT linac, eight button type BPMs
and BLMs are used to measure the beam orbit and beam
losses, three PRs and two WSs are used to measure the
beam profile, and five FCTs with very fast rise/fall time
are used to measure the beam current and pulse shape.

There are a total of two beam energy analyzing sta-
tions located at the exits of the injector and the linac,
respectively. The Strip Lame Screen (SLS) is used to
measure the beam profile downstream of the analyzing
magnet, by which the beam energy and energy spread
can be determined. Fig. 18 shows the SLS assembly,
which can withstand a relatively higher average beam
power, thus the beam energy can be measured more ac-
curately with a relatively higher beam repetition rate.
Because of the uncertainty of the beam TWISS parame-
ters at the linac exit, the quadruple scanning method by
a triplet is used to measure the beam emittance and the
TWISS parameters there, which is very helpful for the
transport line tuning.

Fig. 18. The Strip Lame Screen assembly.

4.5 LLRF system

The LLRF system consists of six control units, which
are capable of controlling and adjusting the RF field am-
plitude and phase, generating a drive waveform for the
RF amplifier, monitoring the whole RF system, realizing
beam loading compensation, and data analysis, etc. The
drive signal of each unit comes from the reference sig-
nal distributor. Feed forward is used to set up the drive
waveform, while feedback for optimization of the drive
phase coming from the beam phase measurement cavity.
Initial testing shows that the desired RF field shape and
the optimized beam phase in the accelerating structure
can be obtained. Fig. 19 shows one typical control unit.

4.6 Control system

The control system is EPICs based with Channel Ac-
cess communication protocol. The interactive interface
is developed with Control System Studio (CSS). An on-
line database is realized by a Channel Archiver. Most of
the components have been tested in the injector testing

facility. Fig. 20 shows the newly updated control system
architecture.

Fig. 19. One typical control unit.

Fig. 20. The newly updated control system architecture.

4.7 Magnet system and beam transportation

line

The whole machine magnet system consists of four
gun focusing lenses, twenty-two solenoids, six triplets,
seven correctors and four chicane dipoles. The first chi-
cane dipole was specially designed to have two functions
[4]. One is for the nominal beam collimation process,
the other is to be used as an energy analyzing magnet
(AM). For the beam transport line with schematic layout
shown in Fig. 21, there are six quadruples, two dipoles
with 45◦ bending angle, and one pair of scanning mag-
nets (horizontal and vertical). The Q11 is used to cancel
the dispersion.
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Fig. 21. The beam transportation line.

Fig. 22. The homogenous beam distribution on the target.

By using the scanning magnets, a homogenous beam
intensity on the target shown in Fig. 22 can be formed

in one scanning period. Theoretically, the beam density
uniformity can reach ∼5% at the target.

According to a repetition rate of 625 Hz, both hor-
izontal and vertical scanning magnets need to run 25
steps in 1 second. Because the beam pulse time inter-
val is very short (1.6 ms), the switching frequency of one
magnet should be 12.5 Hz with saw tooth waveform (blue
line in Fig. 23). Another magnet strength switches with
multi-step (red line in Fig. 23), and the step is very steep
(1.6 ms).

Fig. 23. (color online) The scanning magnets’
strength setting in 1 s.

Fig. 24. The first chicane dipole (left) and one of
the scanning magnet (right).

Fig. 25. The vacuum system layout.
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Figure 24 shows the first chicane dipole and one of the
scanning magnets in the field measurement. The mag-
netic field of all magnets has been measured and meets
the design requirement.

4.8 Vacuum system

The vacuum system shown in Fig. 25 divides the
whole machine into seven sections by six gate valves,
which assures the accelerator working at ultra-high vac-
uum condition–better than 5.0×10−8 mbar. All ion
pumps are made in China and have been off-line tested
by an ion pump testing system, as shown in Fig. 26.

Fig. 26. The ion pump testing system.

The on-line testing of the vacuum system in the in-
jector testing facility shows that the vacuum system can
meet the design goal.

4.9 Water cooling system

The water cooling system is designed to be com-
posed of three subsystems: 1) the first loop of (30
(max.)±1) ℃ for the tunnel devices; 2) the first loop of
(30 (max.)±1) ℃ for the klystrons gallery devices; and,
3) a (40±0.2) ℃ constant temperature system for the
accelerator.

The water cooling system will be the first sub-system
installed in the KIPT Linac. The prototype has been
successfully tested in the injector testing facility.

5 Summary

The construction of the 100 MeV/100 kW electron
linac by IHEP, China for the NSC KIPT neutron source
is going on smoothly. In 2012, the injector part of the
linac was pre-installed as a testing facility in IHEP. Al-
most all of the main systems and components were tested
in the injector testing facility, with satisfying results.
The construction of all of the accelerator systems have
been completed in early March, 2013. Later, all the
other auxiliary components were prepared and tested.
Recently, the injector testing facility was disassembled
and all of the components for the whole linac have been
shipped to KIPT.

In early June of 2013, the machine will be assembled
in KIPT by an IHEP and KIPT joint team, hopefully
the accelerator conditioning and commissioning will be
started soon.
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colleagues, especially A. Zelinsky and M. Ayzatskiy of

KIPT and Y. Gohar of ANL, for their very strong sup-

port and helpful discussions.
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