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The description and bench test results of the developed universal experimental facility [1] are presented. It
mounted at the direct beam line of IHEPNP NSC KIPT 30 MeV Linac for the fundamental and applied research of
high energy electron interaction with amorphous and single-crystal structures. The universal facility consists of the
following structural elements and systems: electron beam transportation system; electron beam parameters for-
mation and measurement, secondary electron emission monitor (SEM); electron beam full absorption Faraday cups

(FC), collimators, goniometrical device system and magnetic energy analyzer.

PACS: 29.20.-c, 07.07.-a, 07.07.Df

INTRODUCTION

In order to expand the possibilities of 30 MeV Elec-
tron Linac beam applications in the fundamental and
applied research the universal experimental facility was
developed, installed and tested. This experimental facili-
ty application allows providing the experimental studies
of secondary electron emission depending on the prima-
ry electron beam energy and the thin foil materials; de-
pendencies determination of the density effect versus
ionization losses of primary electron passing through
thin foils; the electron dechanneling length for single
crystals for the energy range of primary electrons from
10 to 30 MeV.

The features of the relativistic electron interaction
with a thin foil are that interactions with matter near the
front and back foil surfaces are different. In the relativ-
istic electron energy range, the changes in the medium
properties by the passing particle field are necessary to
take into account [2]. The effect of medium polarization
(density effect) is absent in a thin layer of matter near
the front surface and it is significant for energy losses in
a thin layer of matter near the front surface when the
primary electron has passed through the entire thickness
of the target.

Based on the requirements of the above processes
experimental studies the developed experimental facility
should have the following characteristics and parame-
ters such like:

- the ability to thin amorphous and single-crystal

targets research;

- the possibility of electron beam parameters meas-
urements and control (electron beam profiling, en-
ergy distribution of primary and secondary elec-
tron, electron beam current);

- the free oil pumping vacuum system with the re-
sidual pressure less than 10 Pa;

- electron beam position visual observation in the
experimental chamber;
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- remote controls of secondary electron emission
monitor, Faraday cups, collimators;

- remote control of the target orientation in the go-
niometrical device;

- the ability to remotely change targets during the
experiment;

- an automatic system application for measuring and
recording experimental data.

1. GENERAL DESIGN OF THE UNIVERSAL
EXPERIMENTAL FACILITY

During the research NASU project ""Development of
the experimental complex based on a linear electron
accelerator IHEPNP NSC KIPT and detection systems
development for fundamental and applied research™ in
2020-2021 years a schematic diagram of the experi-
mental facility, all elements drawings and design docu-
mentation were developed. After some constructional
beam line components manufacturing the complex
(vacuum and electromechanical) bench tests were done.
As a final result the developed experimental facility at
the end of 30 MeV Electron Linac direct beam line was
installed and demonstrated experiments of the high-
energy electron beam interaction with amorphous thin
foil were performed [3].

On the Fig. 1,a the general scheme of installed and
tested the experimental facility at the direct beam line of
30 MeV Elecron Linac is presented.

The proposed experimental facility consists of
standard systems and components developed by NSC
KIPT, including custom-made within the project. These
include vacuum, power supply and control systems,
accelerated electron beam parameters formation and
measurement and electronic measuring equipment for
ensuring of physical experiment.

To ensure the appropriate vacuum conditions of ex-
perimental research in the universal experimental facility,
two operation modes were introduced: the previous one —
the low vacuum regime (102 Pa) (when the atmospheric
gas was leaked in one of the facility parts), and the main
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high vacuum regime (10 Pa) — produced by two mag-
netic discharge pumps (2) type NMDO-01-1.

By the mechanical valves (3) and the valve of the
collimator chamber (7) it is possible to replace the ex-
perimental target the stationary secondary emission
monitor (5) chamber and in the goniometrical device
chamber (8) without violating the high vacuum in the
accelerator system.

The collimating device (4), SEM (5) and the first
FC (6) actually form an independent system, which al-
lows to perform experimental studies of the secondary
electron emission yield measurements from thin amor-
phous foils by recording in situ emitter currents depend-
ing on the potentials on the collectors when accelerated
electron beam passing through thin foils. This beam line
section for a preliminary test on the direct beam channel
of the electrostatic accelerator ELIAS [4] was mounted.
The research of secondary electrons yields from thin
aluminum, nickel and beryllium foils at primary elec-
tron beam energy up 2.5 MeV was executed.

Fig. 1. General scheme of experimental facility:

1 — connecting electron beam line section; 2 — magnetic
discharge pump; 3 — mechanical valve; 4 — multi-
collimating device; 5 — stationary secondary electron
emission monitor (SEM); 6 — Faraday cup chamber;
7 — chamber of remote collimator; 8 — goniometrical
device chamber; 9 — magnetic energy analyzer;

10 — direct electron beam output window in air;

11 — 35° deflected electron beam output window in
air (a); General view of the installed universal experi-
mental facility at 30 MeV Electron Linac direct
beam line (b)

At the experimental facility a standard Faraday
cup (6) of full absorption developed by NSC KIPT was
used. It is widely used to measure the current of the ac-
celerated electron beam. Electromechanical control sys-
tem FC allows to implement two modes: on the beam —
for measuring the electron beam current with a diameter
of not more than 56 mm and with a maximum energy of
300 MeV and electron current magnitude from 0.1 nA
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to 100 pA, and in the raised position for electron beam
transportation.

A standard FC chamber (7) with a mechanical valve
was used to place an additional collimator in front of the
goniometrical device (8) (the length of the aluminum or
graphite cylinder is 60 mm and the centric through hole
is 16 mm) for scattered electrons collimation. The
measurement of the electron current by the collima-
tor (8) allows for the accelerator operator to monitor the
position of the electron beam on the accelerator axis
during the experiment based on the registration of the
minimum beam current that has passed through the
through hole.

The goniometrical device chamber (9) provides to
apply the standard goniometrical device [5] of NSC
KIPT development and also in addition developed and
made electromechanical target device with change of
targets on 7 positions.

Magnetic analyzer (9) with vacuum chamber, which
allows obtaining data about the energy spectra of prima-
ry and secondary electrons, is installed after goniomet-
rical device chamber.

FC (6) with electron beam output window (11) in-
stalled after magnetic analyzer (9) for measuring the
electron currents of direct and 35° deflected beams (af-
ter the electron beam passing through a target located in
the goniometrical device chamber).

2. MULTI-COLLIMATING DEVICE

The collimating device (4) is a remote-controlled
electromechanical element of the electron beam for-
mation and transportation system. It allows collimating
the electron beam diameter at the entrance of the exper-
imental facility in a given interval from 3 to 20 mm. The
general view of the multi-collimator device is presented
on the Fig. 2,a. This vacuum electromechanical water
cooling electron beam collimation system developed by
NSC KIPT and was used as a main collimator. Its vacu-
um and mechanical tests are shown its application feasi-
bility as an element of the primary electron beam for-
mation at the experimental setup entrance.

An electric control system has been developed and
installed, which allows remotely collimating the elec-
tron beam size in the range from 3 to 20 mm without
violating the vacuum insulation. The control scheme of
the collimator device consists of such main systems:
power supply and control system (namely — installation
of the collimator device at the seven positions of the
required diameters: position Nel — 3 mm, position Ne2 —
3.5 mm, position Ne3 — 4 mm, position Ne4 — 5 mm,
position Ne5 — 7 mm, position Ne6 — 15 mm and position
Ne7 — 20 mm, respectively). Also, it has a visual alarm
on the accelerator control panel of the selected collima-
tor position on the electron beam axis. The possibility of
video monitoring of the electron beam imprint on fluo-
rescent ZnS screen on an aluminum flag is presented.
The flag in the SEM chamber (5) after the stationary
secondary electron emission monitor is placed. The col-
limator length of the copper through-holes is about
60 mm. The existing system of water cooling of struc-
tural elements in vacuum ensures their long-term use
with an intense electron beam with partial or complete
absorption.
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For electron beam dimensions determination de-
pending on the accelerator operation regimes in the po-
sition of the collimator Ne6 (15 mm) slotted device was
installed. This device consists of two tungsten plates
with 2 mm thickness. The width of the slit is 0.5 mm.
The slit device (see Fig. 2,b) application makes possible
during the experiment to estimate (by scanning mode in
the horizontal plane) the geometric dimensions of the
electron beam. It is useful for providing the optimal
beam transportation condition in the experimental setup.
On the Fig. 2,c the electron beam print on the flag at the
SEM chamber (5) using the collimator with @10 mm is
shown. It was obtained during bench tests of electron
beam transportation on the experimental setup. On the
Fig. 2 (d) the electron beam current profile of the elec-
tron beam collimated by the collimator scanning mode
is shown too. The electron beam current was measured
by the Faraday cup (6) installed after the SEM (5) and
electron beam current scale for collimator positions
@3 — @10 and @20 was equal 10 pA, for slit 0.5 mm —
1 pA.

Fig. 2. General view of the multi-collimating device (a);
slit device (the clearance between slits is 0.5 mm) in the
collimator device (b); 16 MeV electron beam print in
the SEM chamber at 30 MeV electron Linac direct beam
line (the distance between the holes on the flag is 5 mm
and their diameter is 2 mm) (c); electron beam current
(arbitrary units) profile measured by FC for collimator
scanning mode from position Nel to 7 (from @3 to
@20 mm respectively) (d)

3. THE SECONDARY EMISSION MONITOR

The secondary electron emission monitor (SEM) of
NSC KIPT development is a vacuum chamber that
houses a remotely controlled electromechanical system.
It consists of three ring insulated electrodes (directly
SEM) and an electron beam position control system.
Both systems have two operation positions: on the beam
axis and outside the electron beam axis.
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Preliminary analysis [6] of three electrodes SEM
construction design (ring collector, emitter and ring col-
lector) was showed that the design features of the elec-
trodes do not allow providing the accurate measurement
of the emission electron energy spectrum. Such systems
are applicable only for monitoring the electron beam
current by registering d-electron yield produced by pri-
mary electron beam passing through thin targets. The
main problem of viewed collector electrode design con-
sists of large diameter of through holes (316 mm in our
case) which located in front of and after the target (emit-
ter). The clearance between SEM electrodes is 5 mm.
The main collector functions are extraction and (or)
retarding secondary electron emission from the frontal
and (or) back surface of thin foil under electron beam
irradiation. For this geometrical construction of SEM
the axial electric field distribution introduces ambiguity
in determining of secondary electron energy due to the
unknown value of potential differences between the
collector body and center of through hole. To minimize
this potential difference in the SEM system, a well-
known method of grids was used, which allows reduc-
ing the value of the potential difference to 1%.

On the Fig. 3,a,b the general views of the flange-
mounted SEM and flag of electron beam position con-
trol system are shown respectively. On the Fig. 3,c the
SEM collector electrode view is shown. The through
hole of collector electrode covered with Al grid. The
clearance between wires is 1 mm and their thickness
equals @25 um.
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This approach of the SEM electrode system upgrad-
ing makes it possible to obtain experimental data on the
electron emission coefficients, determine their spectrum
in a given energy range up to 100 eV, and measure the
correct value of secondary electron emission currents
versus collector potentials from both the front and back
surface of the foil relatively to the primary electron
beam movement direction.

The flag (see Fig. 3,b) uses for size up the accelerat-
ed electron beam dimensions and its position determina-
tion in the SEM chamber relative to the horizontal axis.
The intersection central hole (@2.5 mm) on the flag cor-
responds to the central electron beam axis of the exper-
imental facility. It was used in the previous symmetrical
placement of all elements of the facility relatively to its
axis applying laser level device with reference to the
accelerator axis.

4. GONIOMETRICAL DEVICE CHAMBER

This chamber was developed as multifunctional de-
vice. It allows installing two independent systems of
measurements: goniometrical device and device of vari-
able targets. The detail descriptions of goniometrical
device and all developed electronic equipments were
presented in the [7]. The system of variable targets was
developed and manufactured to expand the experimental
capabilities of research on the processes of electron sec-
ondary emission yield. The drawing, general view and
goniometrical chamber installation are shown on the
Fig. 4,a,b,c respectively. The production material of the
chamber is non-magnetic stainless steel. It’s important
for residual magnetization effect reducing in the low
electron emission measurement experiments. In compar-
ison to the standard SEM, where it is functionally possi-
ble to use only one target, the device of variable targets
allows to place in the goniometrical chamber up to 7
experimental targets with the capacity of positioning
them relative to the electron beam. Such approach is
useful for example for measuring 5-electron yield and
low energy secondary electron yield versus of target
thickness or material.

On the Fig. 5 The experimental §-electron yield de-
pendence versus Al target thickness measured during
the one experiment session are present as demonstration
of developed device experimental possibilities.

5. MAGNETIC ENERGY ANALYZER

According to the developed deployment scheme of
experimental equipment of electron beam transportation
system with energy up to 30 MeV of universal experi-
mental facility (see Fig. 1,a) behind the goniometrical
chamber (8) a magnetic energy analyzer (9) was in-
stalled. The general view of which is shown on the
Fig. 6,a. Presented magnetic energy analyzer is a system
that forms a uniform distribution of magnetic induction
folded magnetic circuit. It is a sector magnet with a 35°
deflection angle (turning radius is 860 mm, the length of
the pole pieces is 440 mm, width 140 mm, the distance
between the pole pieces 36 mm). The magnetic analyzer
vacuum chamber and the support system on four sup-
ports with a possibility of system adjustment as a whole
are developed and made. The vacuum chamber of mag-
netic energy analyzer has two electron beam transporta-
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tion channels. The direct channel is for bremsstrahlung
beam production from the target which located in the
goniometrical device chamber and 35° electron beam
channel. The last one houses a standard Faraday cup (6,
11) with a system of visual electron beam observation.
This system consists of coated with ZnS flag located in
air outside the output electron beam window (see posi-
tions 10 and 11 of the Fig. 1,a).

Fig. 4. Drawing (a) and general view of the variable
targets device (b) installed inside the goniometrical
device chamber(c)
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Traditionally for high energy electron beam extrac-
tion from the accelerator vacuum volume to the air for
NSC KIPT electron accelerators thin titanium foil
(50 pm) is used. In our case after positive results of
Geant4 toolkit modeling [8] and complex thermo-
mechanical experimental tests the new material 125 pm
Kapton was applied for two diameter output windows:
056 mm (position 11) and 336 mm (position 10) re-
spectively. During the bench tests of universal experi-
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mental facility the Kapton® as a material of electron
beam output window shown the stable operation. The
electron beam output window of direct electron beam
line is shown on the Fig. 6,a.

The power supply system of the magnetic analyzer
was tested. The dependence of the magnetic induction
flux in the interval between the pole pieces depending
on the DC current in the coil windings up to 350 A was
measured. The corresponding dependence is shown on
Fig. 6,a.
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Fig. 6. General view of the magnetic analyzer
with @36 mm direct electron beam output window
with Kapton® foil (a); dependence of magnetic
induction on current in the windings of the coils
of the magnetic energy analyzer (b)

6. ELECTRONIC EQUIPMENT
DEVELOPMENT

For experimental research providing on the 30 MeV
Electron Linac, a software and hardware complex was
developed and manufactured. It includes the following
control and measuring channels:

- goniometrical device control channel, it allows ori-
enting the target under the electron beam, consisting of
a power supply system for stepper motors (SM), a pow-
er switch unit and a processor unit. The processor unit
communicates with the control computer using the USB
interface. The control program of the processor unit
allows for the experiment operator to adapt it to control
almost any type of stepper motor. The top-level pro-
gram, installed on the PC, allows to orient the target in
the geometrical device in X, Y coordinates and azimuth.
The channel is described in more detail in the [7]. Fur-
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ther improvement of the channel is possible by introduc-
ing feedback on the target coordinates. To do this, it is
necessary to install the target position sensors and make
the corresponding electronic paths for data processing.
In addition, software development will be required:;

- channel of low current integrators. It is implement-
ed on the basis of current-voltage converters, analog-to-
digital converters (ADC) and a microprocessor that per-
forms data preprocessing and communication with an
upper-level computer. The range of measured electron
beam currents is within 1 nA...10 pA. To increase the
accuracy of measurements, it is planned to use ADCs of
a larger capacity (now 10-bit ADCs are used) and
switch to gated current-voltage converters;

- channel for measuring the electron beam energy
spectrum of the accelerator. It consists of a Faraday cup
current integrator and magnet energy analyzer current
meter. For digitization, a 10-bit ADC and a micropro-
cessor for communication with a computer are used.

The channel is planned to be improved by increasing
the bit depth of the used ADCs, using a gated integrator,
and introducing the possibility of automatically control-
ling the current of the magnetic analyzer. This im-
provement will make it possible to measure the spec-
trum in automatic mode.

All channels use Atmega 328 microprocessors. The
channels are completely independent of each other; it
allows them to be upgraded without significant loss of
beam time.

CONCLUSIONS

The universal experimental facility description and
bench test results are presented. The developed facility
provides the experimental research of high energy elec-
tron interaction with amorphous and single-crystal
structures. Electron beam with energy range up 10 to
30 MeV after injection and transportation in the experi-
mental facility was applied for thin aluminum foil sec-
ondary electron emission research. This research was
performed by application stationary secondary electron
emission monitor and variable targets device. The appli-
cation of last one significantly expanded the experi-
mental capabilities of the experimental facility as a
whole.

The main directions of future experimental research
are processes of high-energy electrons interaction with
single-crystal structures with a goniometrical device
application. This stage requires additional preparations
related to the optimization of the electron beam trans-
portation system in the accelerator unit. There is also a
necessary to determine and optimize such parameters of
the accelerated electron beam as the angular divergence
and electrons energy spread. These parameters are very
important for providing electron channeling technique.
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YHIBEPCAJIBHA EKCIIEPUMEHTAJIBHA YCTAHOBKA I®BESA® HHI XPTI
JIJISI JOCJILIXKEHHS B31EMO/IIi BACOKOEHEPTETUYHUX EJIEKTPOHIB
3 TOHKUMHU AMOP®HUMU TA MOHOKPUCTAJIITYHUMHU CTPYKTYPAMU

I'.JI. Kosanenxo, B.H. Kacinos, 1O.I. Kasapinos, C.I. Kapnyces, I.J1. Cemicanos, C.C. Kouemoa,
0.0. Illonen, I. M. Illnaxoe

[IpencraBneHo onuc Ta pe3yabTaTH CTEHIOBHX BHNPOOYBaHb PO3po0IIEHOI YHIBEpCaIbHOI eKCIIEPHMEHTAIBHOT
ycraHoBkH [1]. YcraHoBKa 3i0paHa Ha IpsSIMOMY BHXO/Ii JTIHIHHOTO TPHCKOPIOBayda eJIEKTPoHiB 3 eHeprieto 30 MeB
I®BESI® HHIL XDTI mis dyHmaMeHTaNBHUX Ta MPUKIATHUX JOCTIHKEHb 100 B3aEMOJI SJICKTPOHIB BHCOKUX
eHepriii 3 aMOpPHUMH Ta MOHOKPUCTATIYHUMH CTPYKTYpaMH. YHiBepcaJbHA YCTAaHOBKA CKIAAETHCS 3 HACTYIHHUX
KOHCTPYKTHBHHX €JIEMEHTIB Ta CHCTEM: MOHITOpPAa BTOPHHHOI eMicii eleKTpoHiB; muiinapiB dapasiess HOBHOTO MOT-
JIMHAHHS, KOJIIMaTOpiB; TOHIOMETpa; MarHiTHOTO aHalli3aTopa CHEePrii eJIEKTPOHIB; CUCTEMH TPAHCIIOPTYBaHHS (op-
MYBaHHSI Ta BUMIPIOBaHHS MapaMeTPiB IEKTPOHHOTO ITydKa.

YHUBEPCAJIbHASI SKCIIEPUMEHTAJIBHASI YCTAHOBKA H®BISI® HHI XOTH
JJISA UCCJIEQLOBAHUA B3AUMOJAEUCTBHUSA ITYUYKA JIEKTPOHOB BBICOKHUX DOHEPT U
C TOHKUMHU AMOP®HBIMHU U MOHOKPUCTAJVIMYECKUMHU CTPYKTYPAMU

I' /1. Kosanenko, B.U. Kacunos, I0.I'. Kazapunos, C.I'. Kapnyce, H./I. Cemucanos, C.C. Kouemos,
A.A. Illonen, U.H. Illnaxoe

IIpencraBneHo omucanue M pe3ysibTaThl CTEHAOBBIX HCIBITaHUI pa3pabOTaHHON YHUBEPCAIbHOW IKCIEPUMEH-
TanbHON ycTaHOBKH [1]. YcTaHoBKa cobpaHa Ha MPSMOM BBIXOJIE JIMHEHHOTO YCKOPHUTENS 3JEKTPOHOB C SHEeprHeit
30 MaB UOBOAD HHI] XDTU nnst pyHIaMeHTaIbHBIX M NPUKIAJIHBIX HCCIEIOBaHUN MO B3aUMO/ICHCTBUIO JJIEK-
TPOHOB BBICOKMX DHEPrHi C aMOP(GHBIMH M MOHOKPUCTAIMYECKUMH CTPYKTypaMmu. YHHBEpCalbHas yCTaHOBKA
COCTOUT W3 CIETYIOIUX KOHCTPYKTUBHBIX IEMEHTOB M CUCTEM: MOHUTOPA BTOPHUUHONW IMHMCCUH SJIEKTPOHOB; LU~
muHapoB Papajes MONMHOrO MOIJIOUICHHUS; KOMIMMATOPOB; TOHMOMETPA; MATHUTHOIO aHANIM3aTOpa YHEPIUU DIICK-
TPOHOB; CUCTEM TPAHCIIOPTUPOBKH, (JOPMHUPOBAHHS U H3MEPEHHUS TAPaMETPOB IEKTPOHHOTO ITyUKa.
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