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The Subcritical Assembly “Neutron Source” of the National Science Center “Kharkiv Institute of Physics and
Technology” is an Accelerator Driven System facility with 100 MeV/100 kW electron linear accelerator as a driver
and tungsten neutron generating target as a source of the primary neutrons. To provide 100 MeV/100 kW electron
beam delivery from the exit of the linear accelerator to the neutron generating target without electron beam losses it
is necessary to provide the residual gas pressure in the vacuum chamber of the transportation channel of about
108...10° Torr and set the electron beam at the center of the target. The possibility to install and operate electron
beam parameters and position monitoring equipment in the chamber should be realized. In the article the reasons and
technical solutions for the vacuum chamber of the second 45 degree bending magnet of the electron beam
transportation channel for National Science Center “Kharkiv Institute of Physics and Technology” Subcritical
assembly “Neutron Source” redesign are described. The methods and conditions for providing the residual gas
pressure, which were included in the original design, are presented. The diagnostic equipment should be operated
under hard radiation conditions. The developed bending magnet vacuum chamber design, manufacturing and vacuum
test results before and after the chamber implementation in the accelerator vacuum system are presented. The results
of the new chamber installation and operation provided the successful physical start-up and further pilot operation of
the National Science Center “Kharkiv Institute of Physics and Technology” Subcritical Assembly “Neutron Source”
facility.

INTRODUCTION

Since 2012-year Neutron Source on the base of
Subcritical Assembly (SCA) driven  with
100 MeV/100kW electron linear accelerator [1,2] is
under construction, assembling, tests, commissioning

(see Fig.2) [2]. The process of obtaining an intense
neutron flux in the NSC KIPT SCA “Neutron Source”
facility is based on the multiplication of primary photo-
neutrons in an environment of fissile nuclear material.
The primary photo-neutrons are generated with electron

and physical start-up (Figs.1-3) at National Science
Center “Kharkiv Institute of Physics and Technology”
(NSC KIPT) [3]. According to the original design, the
facility should generate the neutron flux of about
10%* neutrons/s. NSC KIPT SCA “Neutron Source” is the
facility of Accelerator Driven System (ADS) type were
the intensity of 2®U isotope fission and, therefore, the
intensity of neutron flux generation, depends on intensity
of driving accelerator beam. Driver of the NSC KIPT
facility is 100 MeV/100kW electron linear accelerator

linear accelerator by electron beam interaction with
heavy metal neutron generating target (NGT) [4-6]
(tungsten or uranium in the case of NSCKIPT
SCA “Neutron Source™). It is supposed that generated
neutrons will be wused for various applied and
fundamental scientific researches, medical isotope
productions, as well as to train specialists in the field of
nuclear physics and nuclear energy. NGT is necessary
element of the ADS-type facility and is the source of the
primary neutrons and hard X-rays with wide spectrum
due to photo-neutron reactions [7].

Fig. 1. The view of the SCA “Neutron Source” NSC KIPT (scheme)
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Fig. 3. NSC KIPT SCA “Neutron Source” electron linear accelerator

1. ADS VACUUM CHAMBER
PECULIARITIES

The development of modern nuclear physics
facilities, such as subcritical assemblies and ADS [8],
requires the design and implementation of high-precision
beam transport systems. One of the key subsystem of
such facilities is the vacuum system, which should
provide the stability of beam parameters and minimize
scattering losses during interaction with residual gas. An
analysis of existing vacuum chamber designs shows that
the main challenge is achieving an ultra-high vacuum of
~10° Torr under conditions of intense radiation
exposure [9]. When operating with a high-power electron

beam of up to 100 kW, additional gas-outgassing effects
occur under the influence of the beam, necessitating
effective heat removal. Furthermore, to ensure control
over the position and dimensions of the charged-particle
beam, it is necessary to provide space for diagnostic
equipment such as pickups, striplines [10], strip
screens [11], or beam-profile sensors based on CCD
cameras [12].

Despite a detail investigation and engineering design
of the general principles of vacuum technology for
accelerators and nuclear physics facilities [13], the
literature does not sufficiently address the design and
implementation of injection channel vacuum chambers of
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dipole magnets for facilities such as MYRRHA [14], Ci-
ADS [15], and JAEA-ADS [16] for specific conditions
requiring a combination of a specific geometry (a 90°
turn of an intense charged-particle beam with a power of
up to 1MW) and high reliability during long-term
operation.

Although the beam power of the NSC KIPT SCA
“Neutron Source” is significantly lower than that of the
aforementioned facilities, at 100 kW the inability to
monitor and adjust the parameters and position of the
electron beam, as well as the inability to adjust the
position of the NGT, can lead to the beam striking the
walls of the vacuum chamber and, as a result, to a
deterioration of vacuum conditions and a vacuum failure
with destroy of the vacuum chamber. During preliminary
tests and tuning of the NSC KIPT SCA “Neutron Source”
accelerator, it was found that the aforementioned
capabilities and means for the electron beam parameters
monitoring were absent.

Thus, the need arose to develop a new chamber for
the second transportation channel 45 degree bending
magnet. Moreover, the same task is existing for the all
facilities of the similar specialization.

The design of the new chamber should provide the
following:

1. The ability to monitor
parameters.

2. Flexible connection of the chamber to the NGT
vacuum chamber housing.

3. Achieving and maintaining a vacuum residual gas
pressure of approximately 10~ Torr during operation of
the NGM and the 45 degree bending magnet chamber.

the electron beam

Fig. 4. 3D model of the NSC KIPT SCA
“Neutron Source” core:
1 is installation plate; 2 is NGT,;
3 is fuel elements; 4 is beryllium reflector elements;
5 is graphite reflector; 6 is neutron channel;
7 is NGT vacuum pipe

2.2. NSC KIPT SCA “NEUTRON SOURCE”
VACUUM SYSTEM

It is clear that facility like SCA driver requires
complicated and up to date vacuum system for
continuous providing residual gas pressure of about
5.0-10 8 Torr under condition of high electron beam
current NGT bombarding [1,2]. The layout of the

4. Geometric matching with the existing magnetic
equipment of the transportation channel.

Resolving this issue is a necessary step toward
ensuring the successful physical startup and transition to
pilot operation of the NSC KIPT SCA “Neutron Source”
facility.

2. THE COMPONENTS OF THE NEW
VACUUM CHAMBER DESIGN

2.1. NEUTRON GENERATION TARGET (NGT)

The target itself consists of the square plate set of
65.8 x 65.8 mm transverse sizes and total thickness of 80
with 2 mm gaps between target plates to provide target
cooling. The thicknesses of the separate plates were
chosen taking into account distribution of the heat release
density volume at electron slowing-down in the target. To
provide delivery of the electron beam to the plate set, the
aluminum extruded pipe of 2624 mm length with target
cooling channels was welded with high vertical direction
accuracy. The pipe is equipped with special flange to
provide vacuum sealed target connection with accelerator
transportation channel (Figs. 4, 5).

As it can be seen from Fig. 4 the NGT is installed in
vertical position in parallel with fuel assemblies
(TVS VVR - M2). The installation accuracy should be no
worse than 1.7 mrad (gap is about £5mm). With such
installation accuracy all core elements will be free and
can be inserted and removed in the core without any
interferences.

Fig.5. Layout of the NSC KIPT tungste NGT

NSC KIPT facility vacuum system and vacuum system
components are shown in Fig. 6.

To deliver intense electron beam from the accelerator
exit to the NGT with minimal beam losses, necessary
beam geometrical parameters and to provide uniform
electron beam distribution on the surface of the NGT the
vacuum sealed transportation channel with necessary
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electromagnetic elements for the beam focusing and
formation of uniform beam density distribution is used
(Fig. 7). Two 45° bending magnets TB1 and TB2

AS
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provide 90° bend from horizontal direction to the NGT
and two scanning magnets provide uniform electron
beam distribution on the target surface [17].
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Fig 6. NSC KIPT SCA “Neutron Source” vacuum system layout

Vacuum equipment of the NSC KIPT SCA “Neutron source”
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—diode pump
—triode pump
—vacuum measurement probe

—angular manual probe

— Fast closing valve

assembly

— special quick flange

Fig. 7. Layout of the bending part transportation
channel: 1isinput of the vacuum chamber; 2 is the first
bending magnet TB 1 vacuum chamber; 3 is output of
the first bending magnet TB 1 vacuum chamber;

4 are pick-ups; 5 are screen lame monitors;

6 is quadrupole magnet; 7 are scanning magnets;
8issecond bending magnet TB 2; 9 is output of the
second bending magnet TB 2 vacuum chamber;
10is output flange
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2.3. NEW BENDING MAGNET VACUUM
CHAMBER

As follows from the foregoing, for the successful
operation of the NSC KIPT SCA “Neutron Source”
facility the second bending magnet vacuum chamber
should provide reliable vacuum sealing of the facility
electron beam transportation channel in combine with the
following functions:

- flexible connection of the TB2 chamber with
scanning magnet chamber to avoid ceramic of scanning
magnet chamber from demage durung assembling,
operation and maintenace;

- flexible connection of the bending magnet chamber
with the NGT vacuum chamber to provide NGT chamber
adjustment in the facility core;

- fast and remote connection of the magnet chamber
with the NGT vacuum chamber;

- possibility of electron beam postion monitoring at
the NGT surface.
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During the facility assembling, commissioning and
tests it was clarified that designed, developed and
delivered by IHEP, Beijing, China to NSC KIPT TB2
vacuum chamber not meet the two very important
requirements, namely:

- the chamber does not provide possibility to monitor
electron beam position at the NGT (Fig. 8);

- the connection of the TB 2 vacuum chamber and the
NGT vacuum chamber is rigid (Fig. 9).

N

4784015

B og.

Fig. 8. Drawing of the vacuum chamber developed by
IHEP, Beijing, China:
liselectron beam input channel; 2 iselectron beam
output channel; 3isinput pipe; 4 isoutput pipe for
connection with the NGT

Fig. 9. TB 2 vacuum chamber developed by IHEP,
Beijing, China after installation

Such vacuum chamber could be used during tests
with low level of the electron beam power and during the
facility physical start-up, but not during the pilot
operation and regular full power operation.

For these reasons, the new vacuum chamber should
be designed, developed and installed by NSC KIPT. The
new technical solution should allow electron beam
parameter monitoring, minimize electron beam losses,
decrease the radiation background at the exit of the
accelerator during accelerator adjustment, tuning and
regular operation. The new flexible mechanical
connection of the new vacuum chamber and the NGT
vacuum chamber should decrease the mechanical tension
of the construction and allow to adjust the NGT vacuum
chamber with target in the facility core.

The drawing of the new vacuum chamber designed
by NSC KIPT is shown in Fig. 10. As one can see, the
chamber equipped with addition pipes (specification 3
and 4 in Fig. 10) to provide monitoring of the electron

beam and with bellows (see specification 2 and 5 in
Fig. 10) to provide flexible connection of the chamber
with scanning magnet vacuum chamber and NGT
vacuum pipe. Monitoring pipes provide possibilities for
installation of the video camera and diagnostic
equipment like screen monitor at the chamber. The end
face of the pipes is equipped with vacuum sealed flanges.
Both items should be installed along with vertical axis
that coincides with NGT axis.

Realization of the chamber allows to optimize
accelerator modes during the facility start-up and further
with full power operation. The new vacuum chamber is
complicated vacuum unit and required careful and step
by step approach. Figs. 11, 12 shows the view of bellows
connection before installation.

Fig. 10. TB 2 vacuum chamber drawing designed by
NSC KIPT:
liselectron beam input channel; 2 is enter bellows
connection; 3 is beam parameter monitoring pipe;
4 is pipe for lame monitor; 5isexit bellows NGT
connection; 6 is electron beam output channel

One can understand, that bellows connections (1, 4)
provide flexible connections of the TB2 vacuum
chamber with bending part of the electron beam
transportation channel and with NGT, electron beam
monitoring pipe (2) provides possibilities of the electron
beam position and sizes monitoring at the NGT, lame
monitor installation pipe (3) can provide possibility for
lame monitor installation.

The new TB2 vacuum chamber is made of high-
quality austenitic steel 316 LN of 5 mm thickness, with
high weldability and low value of magnetic permeability.
The steel is purified, that allows to get specific gas release
coefficient in vacuum of about
~10 2 Torr xIxstxem?,

The quality of weld seams is a factor of great
importance in realization of complicated vacuum
chambers and should provide long term residual gas
pressure of about 1071° Torr. In addition, the welding
seams should have high radiation resistance that should
be provided with metal thickness and depends on type of
radiation and time of exposition. To provide weld quality
the austenitic steel wire ER308L (classification
AWS A5.9) was used. Such type of wire is used to
connect the stainless steel with low carbon content.
Because of high radiation resistance, wire of ER 308L
type is in widespread use in nuclear industry for
components welding that are under neutron irradiation.
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Fig.11. TB 2 vacuum chamber end part bellows
connection

Fig.12. TB 2 vacuum chamber end part bellows
connection (scheme)

The welded joints of ER 308L keep their mechanical
properties even after irradiation dose of about ~20dpa
(displacements per atom), 1dpa is corresponded up to
neutron flux value of about 10?! neutrons/cm? (neutron
energy >1MeV) and are stable at 280...350 °C (at the
temperature higher than 400 °C the thermal aging effect
is possible with radiation defects).

As it was already mentioned, the TB2 vacuum
chamber was assembled step by step with vacuum tests
with leak detector ASM 142 (ADIXEN company) after
each step of the welding. Fig. 13 shows one of the stage
of the TB 2 vacuum chamber test.

Fig. 14 shows the TB 2 vacuum chamber after final
welding and vacuum tests.

To provide low level of outgassing from the inside
walls of the TB2 vacuum chamber the parts of the
chamber were under vacuum cleaning procedure [15]:

- degreasing using organic solvents such as acetone,
benzene, and perchloroethylene at a temperature of
120 °C;

- ultrasonic cleaning in alkaline solutions at a
temperature of 60 °C during 4 h;

- rinsing in tap water, then in distilled water to remove
carbon contaminants and ensure a low gas release
coefficient;

- vacuum chamber heating in situ.

As a result, the minimal outgassing out of chamber
walls was provided and required residual gas pressure
was reached.

Fig. 14. TB 2 vacuum chamber with welded bellows at
the each end

3. RESULTS AND DISCUSSIONS

The results of the of the NSC KIPT SCA “Neutron
Source” TB2 bending magnet vacuum chamber
modernization are the following:

1. A new vacuum chamber of the second bending
magnet TB2 of the NSC KIPT SCA “Neutron Source”
transportation channel was design, manufactured and
integrated into the facility transportation channel. The
chamber geometry is optimized for the electron beam’s
trajectory, minimizing beam interaction with the chamber
walls and thereby reducing the thermal load on the vacuum
system.

2. Tests confirmed that, following degassing and
vacuum pumping procedures, a chamber residual gas
pressure of approximately 5.0-10°® Torr was achieved.
This value meets design specifications and provides the
necessary conditions for transporting a beam with a power
of up to 100 kw.

3. The installation of the new camera made it possible
to complete the commissioning phase of the accelerator
operation and to perform a physical startup of the facility
and proceed with pilot operation.

The data obtained during testing indicate that the
upgraded chamber fully meets the design requirements.
The design of the vacuum chamber for the second bending
magnet, TB 2, resolved a critical issue that had arisen prior
to the accelerator’s operation at high power levels. The
chamber was equipped with additional ports to enable
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electron beam parameter monitoring, allowing for the the physical start-up for the nuclear subcritical facility
installation of a video camera and diagnostic equipment, as “Neutron Source” // Ukr. J. Phys. 2023, v. 68, p. 147-
well as bellows to provide a flexible connection for the 161.

chamber at the electron beam inlet and outlet.

A comparison of the measured vacuum
characteristics — with a residual pressure of
approximately 5.0-10® Torr — with the operational
results of similar vacuum systems at world-class facilities
(such as those at Argonne or CERN) confirms that the
achieved performance meets the requirements for ADS-
class facilities.

The successful physical startup of the “Neutron
Source” Vacuum Chamber served as practical
confirmation of the accuracy of the engineering and
physical solutions underlying the modernization of the
second bending magnet vacuum chamber. The stability
of the vacuum during the physical start-up confirmed the
successful implementation of the upgrade and allowed
for the transition to the next stage of pilot-scale operation,
which requires further vacuum value and electron beam
parameter monitoring during operation.

CONCLUSIONS

The study and further activity on the design and
modernization of the vacuum system in the beam
transport channel of the NSC SCA “Neutron Source”
facility yielded the following results:

1. The need to modify the design of the vacuum
chamber of the second bending magnet of the NSC KIPT
SCA “Neutron Source” transportation channel has been
demonstrated. Issues with rigid connection to other
components of the vacuum line have been identified,
along with the need to eliminate structural loads and the
advisability of installing equipment to monitor charged
particle beam parameters.

2. A new design for the vacuum chamber of the 45-
degree bending magnet was developed and manufactured
using specialized welding and surface treatment
methods, which minimized the material’s outgassing
rate.

3. During testing and the facility physical start-up, a
stable residual pressure of approximately 5.0-10° Torr
was achieved and registered, which fully meets the
design requirements for handling an electron beam with
a power of up to 100 kW. It allows to proceed to the next
phase of the facility pilot operation.
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HOBA BAKYYMHA KAMEPA ITOBOPOTHOI ALTISTHKA THXKEKIOIHHHOT' O KAHAJY
YCTAHOBKMU «/IPKEPEJIO HEUTPOHIB» HHI{ X®TI

O.B. I'eguykx, O.M. I'opoicuko, B.I'. I'pesyes, I. M. Kapnayxos, A.O. Muyukos, A.FO. 3enincokuii

Jns tpaHcroptyBaHHS enekTpoHHoro mydka (100 MeB/100 kBt) Bin Buxony NiHIHHOIO NpHUCKOpIOBa4a J0
MmileHi 6e3 BrpaT HeoOXiJHO 3a0€3MeUNTH TUCK 3IMIIKOBHX T'a3iB y BaKyyMHil kKaMepi KaHaly TpaHCIIOPTYBaHHs Ha
piBai 107%...10~° Topp i cnpsiMyBaTH IIy4OK TOYHO B IIEHTP MilleHi. Takoxx HEoOXiHO MependauuTH MOXKIIMBICTD
BCTAHOBJICHHS Ta EKCIUIyaralii B Kamepl oOJaJHaHHs Ul MOHITOPUHIY NapaMeTpiB 1 IMOJIOKEHHs eJIeKTPOHHOTO
nmyuka. Onucano oOIpyHTYBaHHS Ta TEXHIYHI PillIEHHS 00 MOJIEpHi3allil BAKyyMHOI KaMEpH JIpyroro MoBOPOTHOTO
MarHity (Ha KyT 45°) y KaHaii TpaHCIOPTYBaHHS €JIEKTPOHIB ISl MiAKPUTHYHOT 30ipku «Jxepeno Heitrponisy HHIL
XOTI. HaBemeno meromu 1 ymoBH 3abe3ledeHHS HEOOXiTHOTO THCKY 3aMIIKOBHX Ta3iB, mepembadeHi B
MOYaTKOBOMY TMpoekTi. JliarHocTHyHe oONagHaHHS Ma€ TMPamioBaTH B yMOBaX JKOPCTKOTO pamiamiiHOTO
BUTIPOMiHIOBaHHS. [IpencTaBieHo pe3ypTaT po3poOKH KOHCTPYKIii BAaKyyMHOI KaMepH IMTOBOPOTHOTO MArHity, ii
BUTOTOBJICHHS Ta BaKyyMHHX BHIPOOyBaHb (SIK JO, TaK 1 IICIs BCTAHOBIEHHA KaMEepH y BaKyyMHY CHCTEMY
MpUCKOpIoBada). PesymbraTy MOHTaXy Ta eKCIUTyaTallil HOBOi KaMepH 3a0e3MeYmid YCIIHA (Qi3unIHui MycK 1
MOJAIIBIITY TOCTIIHY eKCIUTyaTallito ycTaHoBKH «Jxeperno Herrponisy HHI XDTI.
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