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To study the optical properties of irradiated solids at the early stages of defect structure formation, there is a need to
improve the time resolution of the recorded ionoluminescence and to record particles interacting with the sample with a
smaller energy spread. The article describes the developed system of a fast beam chopper, which is based on deflection
plates placed in the channel of the axial injection of an accelerator, immediately before the injection of the ion beam into
the magnetic resonance system of the accelerator. Chopper affects the constant flow of ions in the axial injection, obtained
from the ion source and injected into the accelerator and deflects it with a frequency necessary to form the required
number of bunches at the exit of the accelerator. Chopper allows to obtain a beam of charged particles with different time
parameters on the DC-60 and IC-100 accelerator complexes, the resonance systems of which operate in the frequency
range from 11 MHz to 22 MHz and, when accelerating ions, produce particle flows at the accelerator output, grouped into
bunches with a duration of about ~2...5 ns and a repetition period of ~90...45 ns. This chopper uses a fast switch of high
voltage supplied to the deflection plates, at which the ion flow is deflected at the right time from injection into the
accelerator, thereby ensuring effective rarefaction of the number of bunches and, accordingly, the ion flow from 100% to

1%, down to single bunches.

Keywords: cyclotron, chopper, interrupter; high voltage switch, ionoluminescence.

INTRODUCTION

Experiments to study the properties of irradiated ma-
terials in real-time, or in-situ, are among the most in-
formative in the radiation physics of solids. Such works
include studies of the spectral composition and kinetics
of luminescence generated by high-energy heavy charged
particles — ionoluminescence (IL) [1]. The IL method al-
lows studying processes associated with defect develop-
ment in-situ, obtaining information from a depth of up to
several micrometers at ion energies of more than several
MeV [1], as well as identifying impurities in crystals [2],
indicating implantation defects and phase transitions [3].
Experiments on ionoluminescence have already been
conducted at the DC-60 and IC-100 accelerators, for ex-
ample, on the study of radiation defects in Al,O3 [4] and
LiF using IL [5]. This paper demonstrates the possibility
of using a chopper for research in the field of ionolumi-
nescence and radiation materials science at the DC-60
and IC-100 accelerators with improved beam time char-
acteristics that were previously unavailable. The DC-60
accelerator allows researchers to produce ion beams from
Li to Xe with the ion energy starting from 0.35 up to
1.75 MeV/nucleon [6]. A chopper (from the English
“chopper” — interrupter) is a device for fast interruption
of the particle beam [7]. Choppers are used to separate
individual bunches from the beam for purposes such as
beam intensity adjustment, radioisotope research, and
time-of-flight measurements of protons and neutrons [7—
10]. Changes in the ionoluminescence spectra and their
intensity result from processes occurring in a broad time

range, from the relaxation of electron excitations to the
formation of complexes of radiation defects, such as
color centers [4, 11]. Registration of time characteristics
in the picosecond range assumes excitation of optical ra-
diation by single ions, as, for example, in [12, 13] due to
the absence of accelerators producing ultrashort pulses of
charged particles. To analyze luminescence decay curves
at large time lengths, pulses (bunches) of particles with a
duration of units or tens of nanoseconds [4], as well as
groups of such pulses can be used, provided that the char-
acteristic luminescence time significantly exceeds the du-
ration of the bunch/group of bunches. The formation of
periodic excitation pulses of a given duration can be im-
plemented using an ion beam chopper. This makes it pos-
sible to study the kinetics of IL with the required time
resolution in various time intervals [4]. In addition, the
chopper can also be used to interrupt the ion flow in ex-
periments on studying the processes of phosphorescence
(afterglow) caused by the action of accelerated ion beams
[14, 15]. It should be noted that the results of such studies
of chopper application for IL are presented in the litera-
ture by a very limited number of publications.

This work is dedicated to the development of a device
for fast interruption of the ion flow at the DC-60 and IC-
100 cyclotrons for applied research [16, 17], as well as a
detector of starting signals in the experiments to study the
kinetics of high-energy ionoluminescence of crystals
such as Al,O3;, MgAl,O4 and MgO.

20


https://doi.org/10.52676/1729-7885-2025-4-20-28

DEVICE FOR FAST INTERRUPTION OF ACCELERATED ION BEAM AT DC-60 AND IC-100 CYCLOTRONS

METHODS

The chopper was tested on the DC-60 heavy ion ac-
celerator at the Astana branch of the Institute of Nuclear
Physics (Astana, Kazakhstan) and IC-100 heavy ion ac-
celerator (Joint Institute for Nuclear Research, Dubna,
Russia). A microchannel plate (MCP) detector was used
for generating starting signals in the studies of decay
curves of luminescence stimulated by single high-energy
ions. Signals from a microchannel plate (MCP) detector
were measured using the Tektronix MD03102 mixed do-
main oscilloscope. The working principle of the devel-
oped chopper and detector system based on MCP is dis-
cussed in further detail in the following sections.

RESULTS AND DISCUSSION

Device for fast interruption of the beam

The chopper consists of two plane-parallel plates in-
stalled in the axial injection channel of the cyclotron in-
side the vacuum volume of the IM90 bending magnet
(Figures la, 1b), directing the ion beam from the ECR

(Electron Cyclotron Resonance) source channel to the
electrostatic inflector in the accelerator chamber of DC-
60 or IC-100. These cyclotrons have similar axial injec-
tion elements, in particular the bending analyzing mag-
net, as well as a similar structure of axial injection of the
ion beam.

The beam interruption required to form pulsed ion
beams in specified time intervals occurs due to its deflec-
tion in the electric field of the chopper. The functional
diagram of the chopper control system is shown in Fig-
ure 2. It includes a control device, which, depending on
the operating mode and degree of beam rarefaction spec-
ified by the operator, supplies high-voltage pulses (HV
pulse) to the chopper plates. The control device is
matched with the cyclotron resonance system using a sig-
nal generator. The key element of the system — the con-
trol device — includes a high-voltage DC power source
and a high-voltage pulse switch.

a)

b)

Figure 1. Diagram of the chopper: (a) design: 1 — deflecting plate, 2 — isolator, 3 — power cord;
(b) installation in the channel of axial injection of the cyclotron
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Figure 2. Functional diagram of the chopper control
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Figure 3. Circuit diagram of the high voltage pulse switch

The high voltage switch is based on the RF Power
MOSFET DE275-102N06A transistor controlled by the
IXRFD631 driver [18], shown in Figure 3. It can gener-
ate high voltage pulses with an amplitude of up to 500 V.
The time of the control signal coming from the master
signal generator to the fast control transistor of the chop-
per control device for its short-term opening is deter-
mined as:

tonpry + tr + torrpLy + tr = 56 (nS) )

Here fonpryis the turn-on signal propagation delay (ns),
tr is the signal rise time (ns), forrpry is the turn-off signal
propagation delay (ns), ## is the signal fall time (ns).

The minimum duration of the control signal of the
driver itself PWyuv= 8 ns can be neglected, since it is
much less than the required duration of the general con-
trol signal and less than the bunch repetition period. The
opening time of the DE275-102N06A control transistor
[19] is defined in a similar way:

Ld(on) t ton + Ld(of + tqff: 14 (IIS), (2)
where t40n) is the turn-on signal propagation delay (ns),
ton 1s the signal turn-on time (ns), taoyp is the turn-off sig-
nal propagation delay (ns), ¢, is the signal turn-off time
(ns). Thus, the delay time of the chopper control device
electronics operation is estimated at 56 + 14 =70 ns.
This is comparable with the period of the cyclotron fre-
quency, for example ~60 ns (16.650 MHz) of the DC-60
cyclotron or ~44 ns (22.870 MHz) of the IC-100 cyclo-
tron. Let us consider whether it is possible with such a
duration of the control signal to isolate individual
bunches of ion beams, such as krypton 3#Kr'>* and xenon
13222+

Therefore, for example, in the operating range of the
parameters of the cyclotron ECR ion source at an accel-
erating voltage of Ugcr=17 kV for xenon-132 ions
(mass m = 131.9 atomic mass units (amu)) with a charge
Z =22+, which corresponds to their initial kinetic energy
T=373.5 keV, the ion velocity vy in the axial injection

channel will be:
/% =7.392-10°m/s.
m

(€))

VXO

At a chopper operating voltage of U, = 300 V with a
length of deflecting elements /=350 mm, installed at
a distance of d = 80 mm, the maximum deviation Z,. of
the xenon ion trajectory can be calculated using equations
of motion for non-relativistic particles and electrostatic
force from the deflecting elements:

2
ZeE | 68

> .8 mm,
2mv,

max (4)
where E. is the electric field strength between the chop-
per’s plates, which corresponds to a maximum angle of
departure of 2.2°. Considering the length of the “flight
base” — the length of the particle path from the chopper
to the inflector installed in the median plane of the main
cyclotron magnet (Figure 1b) — 2.4 m, the maximum de-
flection of the ion beam will be more than 86 mm, which
ensures a total deflection of the particle flow in the injec-
tion channel from entering the inflector input window
equal to 10 mm, thereby guaranteeing the formation of
the required time intervals of ion flows.

The parameters for krypton-84 ions with charge
Z = 15+ were obtained in a similar manner, correspond-
ing to the initial kinetic energy 7= 254.7 keV, velocity
7.653-10° m/s, maximum trajectory deviation in the
chopper of 6.8 mm, departure angle of 2.2°, maximum
ion beam deviation on the flight path of more than
86 mm.

The developed device was tested in ionolumines-
cence experiments on the DC-60 and IC-100 accelera-
tors. The measurements were carried out on spinel
(MgAl,04) single crystal samples with different temporal
structures (beam rarefaction levels), varied using a chop-
per. Figures 4a—c show, as an example, oscillograms of
signals from a microchannel plate (MCP) detector gener-
ating start pulses when measuring luminescence decay
curves for the transmission of 5%, 15%, and 50% of
bunches of a 156 MeV xenon ion beam on the IC-100 cy-
clotron. The signals were recorded with an MD03102
digital oscilloscope. The control signal to the chopper
control device was supplied from an AFG3152C type
generator. Therefore, to transmit 5% of the bunches, the
duration of the control signal was set to 4.6 ps.
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The operating mode was selected so that the chopper was
initially in the “closed” state, i.e. high voltage was ap-
plied to it, and when the control signal was sent, the chop-
per “opened” for subsequent acceleration. The chopper
operating period, i.e. the control signal repetition period
was chosen equal to 2.287 kHz (1:10000 of cyclotron fre-
quency of 22.870 MHz, when conducting a series of ex-
periments on the IC-100 cyclotron). Therefore, for trans-
mitting 5% of the beam (a total of about 500 bunches out
of 10000), the duration of the packet of pulses registered
with the MCP of about 18.5 pus was obtained (the duration
between markers a and b in Figure 4a).
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Figure 4. Temporal structure of the Xe ion beam at 5% (a),
15% (b) and 50% (c) bunch transmission at the IC-100
accelerator

With such a packet duration, the calculated number of
bunches is 423, which corresponds to about 5% of the

total ion flow. Figures 4b and 4c show similar oscillo-
grams for transmitting 15% and 50% of the beam
bunches, with a control signal duration of 5.1 us and
8.7 us, respectively.

Similar measurements were carried out at the DC-60
cyclotron with similar equipment using a similar tech-
nique, except for the control signal generator. The control
signal to the chopper control device was fed from a
33500B type generator. Figures 5a—b show, as an exam-
ple, the oscillograms of signals when transmitting 5% of
bunches of a beam of xenon ions with an energy of
231 MeV at the DC-60 cyclotron. The chopper operating
frequency was chosen to be 16.650 kHz (1:1000 of the
cyclotron frequency of 16.650 MHz when conducting a
series of experiments at the DC-60 cyclotron), while cor-
responding period was around 60.29 us as shown be-
tween markers a and b in Figure 5a. To transmit 5% of
the bunches, the control signal duration was set to 3.4 ps,
so with a limited beam transmission (only about 50
bunches out of 1000), the pulse packet duration recorded
by the detector was about 2.95 s (the duration between
markers a and b in Figure 5b). With this packet duration,
the calculated number of bunches is 49, which corre-
sponds to about 5% of the total ion flux.
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Figure 5. Temporal structure of the Xe ion beam with 5%
bunch transmission, at the DC-60 accelerator. Here: a) signal
with a chopper operating period, b) pulse packet duration,
recorded by the MCP detector. Marker “1” is the signal
from the detector, marker “2” is the sinusoidal signal
of the cyclotron frequency
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Figure 6. Registration of signals: (a) without a chopper and

at IC-100. The degree of rarefaction of the beam is 1%.
Marker “1” is the signal from the detector, marker “2”

is the sinusoidal signal of the cyclotron frequency.

(b) with a chopper when isolating a single bunch of the beam

An example of oscillograms demonstrating two
modes of operation of the chopper with the transmission
of all bunches and a single bunch of the beam at the IC-
100 accelerator is shown in Figure 6. The signal of the
cyclotron frequency of 22.870 MHz (sinusoid) of the res-
onant system of the accelerator is also shown here below
with a marker “2”. The scale interval (Figure 6a, b) for
the duration of the signal is 20 ns, therefore, the signal
from one bunch relative to the cyclotron frequency cor-
responding to a period of 43.4 ns is visible in the figure.

Figure 7 shows an oscillogram demonstrating the
chopper operation mode with the transmission of one
bunch of the beam at the DC-60 accelerator. The marker
“2” also shows the signal of the cyclotron frequency of
16.650 MHz (sinusoid) of the resonance system of the
DC-60 accelerator. The scale interval (Figure 7) for the
signal duration is 40 ns, therefore the figure shows the
signal from one bunch relative to the cyclotron frequency
corresponding to a period of 60 ns, with a beam rarefac-
tion degree of no more than 1.5%.

The above data demonstrate the capabilities of the
chopper to change the temporal structure of a high-en-
ergy ion beam and to perform measurements using both
single bunches and single ions if the particle flow density
is much lower than the bunch frequency. Chopper al-
lowed obtaining a beam of ions with different time pa-
rameters on the DC-60 and IC-100 accelerator com-
plexes, the resonance systems of which operate in the
frequency range from 11 MHz to 22 MHz and, when ac-
celerating ions, produce particle flows at the accelerator
output, grouped into bunches with a duration of about
~2...5 ns and a repetition period of ~90...45 ns.
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Figure 7. Signal registration with a chopper when isolating one bunch of the beam at the DC-60 accelerator.
The degree of beam rarefaction is no more than 1.5%. Marker “1” is the signal from the detector,
marker “2” is the sinusoidal signal of the cyclotron frequency. The range of the signal registration period is
additionally shown at the top, with a display of 100 times magnification, i.e. one bunch in a period of about 4 us
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Detector of starting signals in ionoluminescence

experiments

This section describes a device for generating starting
signals in the studies of curves of luminescence decay
stimulated by single high-energy ions. In all previously
conducted experiments, detectors based on the MCP
[13, 20] were used for this purpose, located at some dis-
tance in front of the sample (Figure 8a). The signal in
such detectors is formed due to electron emission from
the carbon foil, which occurs when high-energy ions pass
through it. As a result, the function of instrumental (time)
resolution, in addition to the parameters of the detectors
and electronics, is also determined by the ion dispersion
by energy due to scattering on the foil in addition to that
already present in the original beam, which, as a rule, is
not less than 1%, which is typical for all cyclic accelera-
tors. The electrons emitted from the foil are detected by
the MCP, which generates the “start” signal for launch-
ing the luminescence lifetime measurements. Photons
produced from the sample irradiated with ions are de-
tected by a photomultiplier (PMT) and generate the
“stop” signal. A TimeHarp 260 time-correlated single
photon counting board (TDC) is used to construct the
curves of ionoluminescence decay.

Collimator
Electrostatic
mirror
Foil
Ion beam o
E(Xe)=160+7 Wl S v §
MeV . Y %
MCP
PMT
¥ Stop
1A Start The
a)
Collimator PMT
Ion beam |]

E(Xe)=160%7 ||
MeV

Stop

- D
'V— TDC

Start
b)

Figure 8. Block diagram of a device for measuring
luminescence decay curves during irradiation with single
high-energy ions: a) design in previous experiments,
b) proposed design

In the design that we have proposed (Figure 8b),
the difference is that the emission of electrons from the
surface of the irradiated sample, onto which a thin
(20 nm) metal film is deposited by vacuum deposition, is
used to generate starting pulses. A conductive layer with
a thickness much smaller than the wavelength of radia-
tion in the visible region, which has virtually no effect on
the photon yield, is necessary to create a uniform electric
field on the target surface and prevent charge accumula-
tion in the dielectric. This method virtually eliminates the
effect of ion energy dispersion on the measurement of lu-
minescence decay curves. An important feature of the de-
sign is that both detectors, MCP and PMT, as well as the
sample, are mounted on a single standard DN-100 vac-
uum flange, which allows experiments to be carried out
on any accelerator in standard ion beam diagnostic
blocks.
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Figure 9. The time resolution function and luminescence
decay curves of the initial and irradiated spinel.
Measurements during irradiation with xenon ions (156 MeV’).
Ion flux density equals 10° cm™%s™!. FWHM = 250 ps

Figure 9 shows the time resolution function (IRF)
measured on SiO» single crystals with a known decay
time of excited states of less than 100 ps [21]. As can be
seen, the full width at half maximum (FWHM), which is
the instrumental resolution of the setup, is 250 ps, which
allows us to study the decay kinetics of ionoluminescence
starting from the subnanosecond range. The figure also
shows the decay curves of luminescence stimulated by
156 MeV xenon ions obtained on the initial spinel crys-
tals and samples pre-irradiated to a fluence of 2-10'2 cm™
as an example. The data illustrate the effect of radiation
damage created by high-energy xenon ions on the kinet-
ics of radiative recombination of excited states in the ion
trajectory region.

CONCLUSION

As aresult, a device for fast interruption of ion flows
on DC-60 and IC-100 cyclotrons with the same structure
of axial injection of ion flow from ECR source into the
working chamber of the accelerator has been developed
and manufactured. During test experiments, the possibi-
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lity of designing the chopper for obtaining sparse ion
beams with different bunch filling factors, down to a sin-
gle bunch, has been demonstrated. A new design of the
start signal detector has been developed for studying the
kinetics of luminescence generated by high-energy ions,
based on the use of electron emission directly from the
surface of the sample under study and providing a time
resolution of at least 250 picoseconds. The presented
methodological developments significantly expand the
possibilities of studying the optical properties of irradi-
ated solids at early stages of defect structure formation.

Acknowledgements

This research was funded by the Committee of Sci-
ence of the Ministry of Science and Higher Education of
the Republic of Kazakhstan (Grant No. AP14973020).

REFERENCES

1. Crespillo M. L., Graham J. T., Zhang Y., Weber W. J. In-
situ luminescence monitoring of ion-induced damage
evolution in SiO2 and Al2O3 // Journal of Luminescence. —
2016.— Vol. 172. — P. 208-218.

2. Calvo Del Castillo H., Ruvalcaba J. L., Bettinelli M.,
Speghini A., Barboza Flores M., Calderén T., Jaque D.,
Garcia Solé J. Ionoluminescence of trivalent rare-earth-
doped strontium barium niobate // Journal of
Luminescence. — 2008. — Vol. 128, No. 5-6. — P. 735-737.

3. Townsend P. D. Variations on the use of ion beam
Iuminescence // Nuclear Instruments and Methods in
Physics Research Section B: Beam Interactions with
Materials and Atoms. —2012. — Vol. 286. — P. 35-39.

4. Seitbayev A., Skuratov V. A., Dauletbekova A., Teterev
Yu. G., Krylov A. N., Mamatova M., Koloberdin M.,
Zdorovets M. Time-resolved high energy ionolumine-
scence of A1203 // Nuclear Instruments and Methods in
Physics Research Section B: Beam Interactions with
Materials and Atoms. —2021. — Vol. 500-501. — P. 46-51.

5. Skuratov V. A., Gun K. J., Stano J., Zagorski D. L. In situ
luminescence as monitor of radiation damage under swift
heavy ion irradiation // Nuclear Instruments and Methods
in Physics Research Section B: Beam Interactions with
Materials and Atoms. —2006. — Vol. 245, No. 1. — P. 194—
200.

6. Zdorovets M., Ivanov 1., Koloberdin M., Kozin S.,
Alexandrenko V., Sambaev E., Kurakhmedov A.,
Ryskulov A. Accelerator complex based on DC-60
cyclotron. // Proceedings of 24th Russian Particle
Accelerator Conference (Obninsk, Russia, 6-10 october,
2014). Geneva: JACoW Publishing, 2014. — P. 287-289.

7. Moscatello M., Anger P., Berthe C., Bertrand P., Bru B.,
David L., Giacomo M. di, Jamet Ch., Ozille M.,
Pellemoine F., Petit E., Savalle A., Vignet J. Recent
developments for high intensity beams at GANIL //
Nukleonika. — 2003. — Vol. 48 (suppl. 2). — P. S155-S158.

8. Araujo Martinez A. C., Agustsson R., Chen Y.-C.,
Kutsaev S., Plastun A., Rao X. Electromagnetic Design of
a Compact RF Chopper for Heavy-lon Beam Separation at
FRIB // Proceedings of the Sth North American Particle
Accelerator Conference NAPAC2022 (Albuquerque, NM,
USA, 07-12 August 2022). Geneva: JACoW Publishing,
2022.—P. 732-735.

9.

10.

11.

12.

13.

14.

15.

16.

Poirier F., Blain G., Bulteau-Harel F., Chiavassa S.,
Delpon G., Durand T., Fattahi M., Goiziou X., Haddad F.,
Koumeir C., Sengar A., Trichet H., Vandenborre J. The
Injection and Chopper-Based System at Arronax C70XP
Cyclotron // Proceedings of the 22nd International
Conference on Cyclotrons and their Applications (Cape
Town, South Africa, 23-27 September 2019). — Geneva:
JACoW Publishing, 2020. — P. 159-161.

Shor A., Vartsky D., Dangendorf V., Bar D., AlizY. B.,
Berkovits D., Brandis M., Goldberg M. B., Grin A.,
Mardor 1., Mor L., Weissman L. Fast beam chopper at
SARAF accelerator via RF deflector before RFQ // J. Inst.
—2012. - Vol. 7, No. 06. — P. C06003—-C06003.
Bachiller-Perea D., Jiménez-Rey D., Mufioz-Martin A.,
Agullé-Lopez F. Exciton mechanisms and modeling of the
ionoluminescence in silica // J. Phys. D: Appl. Phys. —
2016.— Vol. 49, No. 8. — P. 085501.

Kimura K., Sharma S., Popov A. Fast electron—hole
plasma luminescence from track-cores in heavy-ion
irradiated wide-band-gap crystals // Nuclear Instruments
and Methods in Physics Research Section B: Beam
Interactions with Materials and Atoms. —2002. — Vol.
191, No. 1-4. — P. 48-53.

Kimura K. Ultra-fast luminescence in heavy-ion track-
cores in insulators: Electron—hole plasma // Nuclear
Instruments and Methods in Physics Research Section B:
Beam Interactions with Materials and Atoms. —2003. —
Vol. 212. — P. 123-134.

Gulley M. S. Tuning the beam: a physics perspective on
beam diagnostic instrumentation // Proceedings of 14th
Beam Instrumentation Workshop (BIW10) (Santa Fe,
New Mexico, US, 2010). — P. 491-497.

Bolzon B., Akagi T., Beauvais P.-Y., Cara P., Carmona J.
M., Chauvin N., Chel S., Dzitko H., Gobin R., Harrault F.,
Heidinger R., Ichimiya R., Ihara A., Jimenez D., Kasugai
A., Kitano T., Knaster J., Komata M., Kondo K.,
Marqueta A., Nishiyama K., Okumura Y., Podadera I.,
Pruneri G., Sakamoto K., Scantamburlo F., Senée F.,
Shinya T., Sugimoto M., Varela R. A. Beam diagnostics
of an ECR ion source on LIPAc injector for prototype
IFMIF beam accelerator // Fusion Engineering and
Design. — 2018. — Vol. 136. — P. 1300-1305.

I'ukan B.H., 'yns6exsn ['.I'., Banos I'.H., Bonosa U.b.,
Kazapuros H.1O., Kazaua B.1., Kamarun 1.B., Konecor
W.B., Jlebener H.1., MensaukoB B.H., Cepo6ada A.I1.,
®areeB A.A. CucteMa TpaHCIOPTUPOBKY ITyYKOB
TSKEJIBIX HOHOB, BRIBEJICHHBIX U3 IHKI0TpoHa J(1[-60 //
Coo6imenne OObeINHEHHOTO HHCTUTYTA SIEPHBIX
uccnenosaunuit P9.-2006-37. — 2006. — C. 1-12. [Gikal
B.N., Gul'bekyan G.G., Ivanov G.N., Ivonova L.B.,
Kazarinov N.Yu., Kazacha V.., Kalagin 1.V., Kolesov
1.V., Lebedev N.I., Mel'nikov V.N., Serobaba A.P., Fateev
A.A. Sistema transportirovki puchkov tyazhelykh ionov,
vyvedennykh iz tsiklotrona DTs-60 // Soobshchenie
Ob’edinennogo instituta yadernykh issledovaniy R9.-
2006-37. —2006. — P. 1-12. (In Russ.)]

. Gikal B. N., Dmitriev S. N., Gul’bekyan G. G., Apel’ P.

Yu., Bashevoi V. V., Bogomolov S. L., Borisov O. N.,
Buzmakov V. A., Ivanenko I. A., Ivanov O. M., Kazarinov
N. Yu., Kolesov I. V., Mironov V. L., Papash A. L.,
Pashchenko S. V., Skuratov V. A., Tikhomirov A. V.,
Khabarov M. V., Cherevatenko A. P., Yazvitskii N. Yu.
IC-100 accelerator complex for scientific and applied

26



DEVICE FOR FAST INTERRUPTION OF ACCELERATED ION BEAM AT DC-60 AND IC-100 CYCLOTRONS

research // Phys. Part. Nuclei Lett. — 2008. — Vol. 5, No. 1. 20. Koshimizu M., Kimura K., Fujimoto Y., Asai K. Fast
—P.33-48. luminescence in vacuum ultraviolet region in heavy-ion-

18. A Low-Side RF MOSFET Driver IXRFD631. Available irradiated a-Al203 // Nuclear Instruments and Methods in
at: https://ixysrf.com/wp- Physics Research Section B: Beam Interactions with
content/uploads/2017/09/IXRFD631 Datasheet RevA- Materials and Atoms. —2015. — Vol. 365. — P. 540-543.
1.pdf (accessed 9 June 2024). 21. Weber M. J., Derenzo S. E., Moses W. W. Measurements

19. DE275-102N06A RF Power MOSFET. Available at: of ultrafast scintillation rise times: evidence of energy
https://www.alldatasheet.com/datasheet-pdf/pdf/314497 transfer mechanisms // Journal of Luminescence. — 2000. —
/IXYS/DE275-102N06A.html (accessed 9 June 2024). Vol. 87-89. — P. 830-832.

DC-60 )KOHE IC-100 HUKJIOTPOHIAPBIHJAFBI YAETIVITEH HOH AFBIHBIH TE3 Y3YT'E
APHAJITAH K¥PbBLJIT'bI

M. B. Kosio6epaun'?*, U. A. UBanos'?, JI. IlaBaor?, A. Mcator?, C. Mutpoganos?,
B. A. Ckyparos®, M. B. 3noposen'?, B. C. AmanskyJios!*?

I KP Amom snepzuscol sconinoezi azenmmizining «JIoponvix gpusuxa uncmumymot» PMK, Anmamot, Kazaxcman
? KEAK «/L.H. Tymunee amvinoazol Eypazua ynmmolx ynueepcumemin, Acmana, Kazaxcman
3 Bipikken aoponvix 3epmmeynep uncmumymol, /lyona, Peceit

* Baunanvic ywin E-mail: koloberdin@inp.kz

CoyneneHreH KarThl JEHEJEp/AiH ONTHUKAIBIK KACHUETTEPIH aKayiblK KYPBUIBIMHBIH KaJbINTACybIHBIH OacTarKbl
Ke3eHJIepiH/ie 3epTTey YVIIiH TIPKEJETiH HOHOJIOMUHECUCHIUSHBIH YaKbIT OOWBIHINA aWbIpyAbl JKaKcapTy >KoHE
HBICAHAMEH OPEKETTECETIH OOIICKTeP Il SHSPTHUSHBIH a3bIPaK IIAIIBUIBIMBIMEH TipKey KaxeT. Makaiaaa HOH/IBIK IIIOKTHI
YACTKIIITIH MarHUTTIK-PE30HAHCTHI XYHeciHe aiiay anmplHAa YACTKIIITIH aKCHAlAbl WH)KEKIUSACHIHBIH apHACHIHIA
OpHAJIACTHIPBUTFaH ayBITKBITYIIBl IUTACTHHAJAPFAa HETI3IENTeH «YOIep» IEN aTajaThlH JKBUIIaM IIOKTHI Y3TillITiH
o3ipNeHreH Kyleci cumarranrad. Yommep MOH KO3iHEH allbIHFaH JKOHE VACTKIIIKE alalaTblH aKCHAIIhl MHXKCKITUSL
apHACBIHAAFBl HOHAAPIBIH TYPAKTHI aFbIHBIHA OCEp €T/l )KOHE OHBI YACTKIIITIH IIBIFYBIHIA KAXKETTI KUBIHTHIK («OaHD»)
CaHBIH aJy VIIH KaXKeTTi JKUUTIKTEe ayBITKBITagsl. Yommep pe3oHaHCTHIK kyienepi 11 MI'm-ten 22 MI'n-ke neitinri
KUK Jrana3oHbIHaa sxymbic icreiitin DC-60 xone IC-100 yaeTkinn KeneHaepinae opTypiii yakpIT mapaMerpiepi 6ap
3apsiATanraH OeJLeKTep LIOFBIH allyFa MYMKIHIIK Oepeni, ain MOHAApAbl YAETY Ke3iHJe OJ YASTKILITIH LIBIFYBIHIa
Y3aKTBIFBl I[IAMaMEH ~2 HC JKOHE ~5 HC-Ka TeH JKoHe Kairtamany nepuoabl ~90...45 Hc-ka TeH Oenmiektep
JKHMBIHTBIKTAPbIHA TONTACTHIPBUIFAH aFbIHAAPIbI JKacaiiabl. by uornmnepe sorapbl XKbUIIAMIBIKTBI 2KbIPATHII-KOCKBIIL
naiijajnany apKbUIbl aybITKBITYIIBI IUIACTHHAJIAPFA )KOFAphl KEPHEY JKETKI31JIiM, OHJJa MOH aFblHbI YACTKIIIKE aianyan
KQXKETTI COTTE aybITKHIbI, OChLIAMINA JKABIHTHIKTAD CaHBIH, ColikeciHiie WMOH arbiHbH 100%-man 1%-ra neiiin, Oip
YKHMBIHTBIKKA JISHIH THIMJII CUPETY/l KAMTaMachI3 eTelli.

Tyiiin co30ep: yuxiompow; wonnep,; y3eiui; HCOAPbIGOIbIMMI AANCLIPAMbBIN-KOCKbIU, UOHOIIOMUHECYECHYUSL.
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Jlist wccnenoBaHusl ONTHYECKUX CBOWCTB OOJNYyYEHHBIX TBEPIBIX TNl HAa pPaHHHUX CTaAusAX oOpazoBaHus Je(eKTHOH
CTPYKTYPBHI BO3HUKAET HEOOXOJUMOCTb YIy4IIEHHS BPEMEHHOT'O Pa3pelieH s pErUCTPUPYEMOi HOHOJIIOMUHECLEHIIUH 1
perucTpanuy B3anMOACHCTBYIONIMX € 0Opas3slloM YacTHIl C MEHBIIMM pa30pocoMm »Hepruid. B crathe ommceiBaeTcs
pa3paboTaHHas crcTeMa OBICTPOTO NPEPBIBATENS IyUKa, IMEHYeMas «JOIIEP», B OCHOBE KOTOPOH JIe)KaT OTKIOHSAIOIINE
IUTACTUHBI, Pa3MeIlacMble B KaHAJE aKCHATbHOW MHXEKIIUH yCKOPHUTEIIS, HETIOCPEICTBEHHO NEpel MHXKEKINEH HOHHOTO
Iy4YKa B MarHATHO-PE30HAHCHYIO CHCTEMY ycKoputeisi. Hommep BIMSET Ha MOCTOSHHBIA MOTOK HOHOB B aKCHAJIBHOU
WHKEKIIMHY, TOTyYacMbli M3 MCTOYHWKA MOHOB W WH)XEKTHPYCMbIH B YCKOPUTENb, M OTKIOHSET €ro ¢ 4YacTOTOH,
HEOOXOAMMOM ISl MOJy4YeHHs HEOOXOAMMOro KOJIMYECTBa CTYCTKOB («OaHuel») Ha BbIXOle M3 yckopuTens. Yommnep
MO3BOJISIET MOJYyYaTh IYYOK 3apsDKEHHBIX YacTHIl C PA3IMYHBIMU BPEMEHHBIMH IapaMeTpaMH Ha YCKOPHTEIbHBIX
komiuiekcax DC-60 u IC-100, pe3oHaHCHBIE CUCTEMBI KOTOPBIX paboTaloT B Auana3one dactot ot 11 MI'n no 22 MI'n,
U TIPH YCKOPEHUH MOHOB CO3/1aeT Ha BBIXO/IE YCKOPHUTENSI MOTOKH YaCTHUII, CTPYIIIIMPOBAHHBIE B CIYCTKH JUIUTEIEHOCTHIO
oKoJI0O ~2 ...5HC U ¢ mepuomoMm mosropa ~90...45Hc. B maHHOM wyommepe HCHOIB3YETCS OBICTPOAEHCTBYIOIIMI
MEPEeKIII0YaTeNIb BBICOKOIO HANpsDKEHHS, MOJaBAaGMOT0 Ha OTKJIOHSIOIIME IUIACTUHBI, Ha KOTOPHIX IIOTOK HOHOB
OTKJIOHSIETCSI B HYXXHBIH MOMEHT OT WHKCKIIMM B YCKOPHTEIb, TEM caMbIM obecnednBasi 3(QGEeKTUBHOE Pa3peKeHUE
KOJIMYECTBA CT'YCTKOB, @ COOTBETCTBEHHO U NO0TOKa HOHOB 0T 100% 10 1%, BIIOTH O OAMHOYHBIX CI'YCTKOB.
Kniouegvie cnoga: yuxnompon, uonnep; npepui8amens, 8biCOKOGOIbMMHbIU NEPEKNOUAMENb; UOHOTIOMUHECYEHYUSL.
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