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LWwusH L., acn., Yynko I'., A-p ¢is.-maT. Hayk,
MaBneHko A., maricTpaHT, kKad. MeAMYHMX NpUnaaiB i cucteM, hpakynbTeT €KONOro-MeaAUuYHUX HaykK
YopHoMopchKui aepkaBHUA yHiBepcuTeT imeHi NMeTtpa Morunu

LiIN®POBA OBPOBKA MEANYHUX 30BPAXKEHb 3ACOBAMM CKM MAPLE

Binbwicmb MeduyHuXx 306paxeHb 3a3suydall npedcmasrieHi 8 cipux sidmiHkax, a ix Mampuui iHmeHcusHocmel rnikcerig 3py4Hi Ons yugpoeoi 06pobku. OcmaHHi
sepcii ronynsipHoi cucmemu  Komrn'tomepHoi Mamemamuku Maple maromb  crieuianbHi  npoespamHi nakemu Onsi supiwieHHs1 makux 3adady. B Oarili po6omi
rpointocmposaHi MOXIUBOCMI UuX rakemie Ha npuknadi muroso2o MeduyHo20 306paxeHHs. [na uugposoi 06pobKku 306paxeHHs euKopucmosysanucsi 3acobu
AuckpemHo20 eeligriem-repemeopeHHs, rMpoyedypu mpewondiHey (mak 38aHO20 "KOpPCmKo20 nopoay”) ma rnposodunacs ouiHka sIKocmi 8iOHOBTIEHO20 300PaxKeHHsI.
Kpim moezo e pobomi nposedeHuli aHani3 3anexHocmi napamempie sikocmi 306paxeHHs1 8i0 yugposux hirbmpis, sukopucmogysaHux y npouedypi OUCKPemHo2o
8eligriem-repemeopeHHsi.

Knro4oei cnoea: meduyre 300paxeHHs1, duckpemHe gelisriem-nepemeopeHHsi, 080pisHese po3skiadaHHs, mpewosnodiHe, napamempu OUiHKU SIKOCMI 300paxeHHs.

LWusaH W., acn., Yywko I'., o-p cdu3s.-mat. Hayk,
MaBneHko A., maricTpaHT, kad. MeAULIMHCKMUX NPUGOPOB U cucTeM, haKynbTeT IKONOro-MeAULIMHCKUX HayK,
YepHOMOpCKUiA rocyaapcTBeHHbIN yHUBepcuteT umenu Metpa Morunbi

LMOPOBASl OBPABOTKA MEAULIMHCKNX NU30B5PAXXKEHUA METOAAMU CKM MAPLE

BornblwuHecmeo MeduyuHCKUX u30bpaxeHull 0bbI4HO rMpedcmasrieHbl 8 CEPbIX OMMEHKax, a Ux Mampuubl UHMeHcusHocmed rukcesnel y0obHb! Ons yugpoeol
obpabomku. lMocredHue sepcuu romynspHol cucmembl KOMIblomepHoU Mamemamuku Maple umerom crieyuarnbHble poepaMMHbIe rakems! Ons peleHuUst makux
3aday. B daHHoU pabome npounmocmpuposaHsbl 03MOXHOCMU 3MUX 1akemoe Ha rpumMepe murogo2o MeOUUUHCKO20 u3obpaxeHus. [ns obpabomku usobpaxeHul
ucrionb3osanuck cpedcmea OUCKPEemHoeo eelieriem-rpeobpasosaHusi, npouedypbl mpewonduHea (mak Ha3bleaeMoz0 "KecmKoeo ropoea”) u rposodunack oueHka
Kayecmea 80CCMaHOB/IeHHO20 U306paxeHus. Kpome moeso, & pabome nposedeH aHanu3 3asUCUMOCMU fapaMempos Kadecmea U300paxeHusi om Uugposbix
cbunbmpos, ucrornb3yembix & npouedype OUCKPEeMHO20 8eligriem-peobpasosaHus.

Knrouesble crnioea: mMeduyuHckoe usobpaxeHue, AuckpemHoe eelisnem-npeobpa3osaHue, 08yXyposHEEOe pa3rioxeHue, mpewornduHe, napamempbl OUEeHKU
Kayecmea Uu306paxeHus.
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METAL MICRO-DETECTORS FOR IMAGING
AND BEAM PROFILE MONITORING IN RADIATION THERAPY

Metal micro-detector (MMD) has been developed at Kiev Institute for Nuclear Research (KINR). Physics and techniques of this detector
applied for monitoring and imaging of charged particles beams are presented. To provide the precise beam profile monitoring a 128-
channel X-Y MMD was produced. Test studies with this detector were performed for 20 MeV electrons (Cancer Center "Innovacia”) and
high energy hadrons (protons, "2C-ions and "°0-ions, Heidelberg lon-Beam Therapy Center). Results of these studies are discussed in this

work. The results of our studies suggest the possibility of MMD application in clinical practice.
Key words: metal micro-detectors, beam profile monitoring, online dose monitoring, mini-beam radiation therapy.

Introduction. The main goal of radiotherapy is to deposit
a high dose of ionizing radiation in a tumor while keeping the
absorbed dose in the surrounding healthy tissue at a tolerant
level [1]. The monitoring of the beam position and absorbed
dose are essential. Current developments in radiation
therapy require non-destructive beam profile monitoring in
real time, as beam diagnostics provides information on the
status of the beam, monitoring of critical parameters and
alarming in case of emergency. For low intensity beams a
proper approach could be realized by using silicon micro-
strip detectors. However, radiation hardness aspect makes
this approach rather limited.

A Metal Foil Detector (MFD) technology developed at
Kiev Institute for Nuclear Research makes possible the
production of radiation hard monitoring devices that are
able to take a challenge and fulfill the needs of modern
radiotherapy.

The general physics and registration principles of the
MFD are discussed in details elsewhere [2]. Charged
particles (or photons) hitting the metal sensor-foil initiate
Secondary Electron Emission at 10-50 nm surface layers.
The charge generated in a sensor is measured by a
sensitive Charge Integrator.

MFD technology was successfully explored for the
design and production of a novel thin metal micro-strip
beam profile monitors of charge particles and synchrotron
radiation beams. Through an innovative plasma-chemistry
etching process, thin (about 1 ym) metal micro-strips are
aligned, without any other materials in the working area.
The main advantages of MMD are: low thickness of
detecting material; good position resolution (up to few pm);
low operating voltage (~ 20 V); high radiation tolerance (at
gigarads level). MMD were tested at the Minibeam
Radiation Therapy (MBRT) setup (Bio-Medical Beamline
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ID17, European Synchrotron Radiation Facility) [3].
Experimental setup. MMDw detector. To provide the
precise beam profile monitoring a (64 x 64)-channel X-Y
MMDw was produced at KINR. Thin metal wires are used
to create the strip structure of a sensor. Simple technology
of production, low cost and reliable operation are main
advantages of the MMDw. The read-out electronics is
based on the commercial data acquisition system XDAS
(SENS-TECH, UK) providing sensitivity of about 10°
particles/strip and dynamic range up to 10° being
connected with micro-strip metal detectors (Fig. 1).
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Fig. 1. Incident particles
on the strips initiate secondary electron emission.
Readout is provided by X-DAS system

XDAS allows creating large detector arrays with high
speed readout in digital format. It consists out of Detector
Head Boards with analog output modules and Signal
Processing Boards with 16-bit digital output.

Each detector head board acquires 128 channels of
data, using a charge integrating ASIC and sends it via a
local data bus to the signal processing board. The signal
processing board converts the data into 14-bit format.
On-board processing enables up to 4 data samples to be
taken and added to produce a 16-bit output. This is
transmitted via a data interface board to the host
processor via USB2, data I/O, Ethernet or frame-grabber
card. A system can handle more than 20000 channels
with an exposure time from 100 ys to 100 ms, depending
on the number of channels.

Experiment at Heidelberg Heavy-lon Therapy
Center (HIT). To fully exploit the focused energy deposition
of "C in carbon ion therapy, a high accuracy on dose
location is required. It has been shown that the detection of
nuclear reaction products resulting from the interaction of
the beam with atomic nuclei of the tissue (can be positron
emitting nuclides, prompt photons or light charged
particles) provides relevant information that can be used for
the verification of the delivered dose. The experiment in
HIT was devoted to collect experimental data of
distributions of different types of secondary emission with
the best possible beam control. Schematic view of the
experimental setup is presented on Fig. 2.

At HIT the treatment can be performed by protons, a-
particles, 2C and 'O ions at different energies (from 50
to 430 MeV/nucleon) and intensities (from 10° to 2*10°
particles/s). Fig. 3 illustrates the response of MMDw on
the ?C beam with the energy 86.7 MeV/nucleon and
intensity 6*10° particles/s.

Experiment at Innovacia Cancer Center. The series
of test measurements were performed at Innovacia
Cancer Center with linear accelerator Varian Clinac
2100C. Preliminary results with 20 MeV electrons are
presented on Fig. 4.

DGPA-LPC
e —————— SSD
Beam Phantom
— Neutron
MMDw detector

Fig. 2. HIT experimental setup.

The overall beam intensity was monitored by the MMDw.
The annihilation photons were recorded by the DPGA-LPC
(large acceptance pixelated detector) detectors placed
following the beam direction in the plane z=0 (6=90),
and by the in-beam PET system at HIT (6=0)
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Fig. 3. MMDw response to ’C beam
with energy 86.7 MeV/nucleon and intensity 6*10° particles/s.
1-64 Channels correspond to the X-plane of MMDw,
while 65-128 — Y-plane

Experiment at Innovacia Cancer Center. The series
of test measurements were performed at Innovacia
Cancer Center with linear accelerator Varian Clinac
2100C. Preliminary results with 20 MeV electrons are
presented on Fig. 4.
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Fig. 4. MMDw response on the 20 MeV electrons
at intensity of 100 MU/m. 1-64 Channels correspond
to the X-plane of MMDw, while 65-128 — Y-plane.
The beam 5*5 cm? was focused
in the center of the detector

The influence of MMDw on the dose distribution for the
20 MeV electron beam was estimated. We performed
absolute dosimetry measurements with and without detector
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in the beam. We mentioned a higher absorbed dose on
0.4% for the measurements with detector inside the beam.
Conclusions. Advantages of MMD allow to create a
reliable radiation monitoring systems for radiation therapy
applications. Their implementation will improve beam
delivery to tumor tissue, fast imaging and evaluation of
data, optimization of treatment regimes. Commercially
available read-out systems can be applied to build high
efficient monitoring system for hadron radiation therapy.
MMD has shown reliable performance for online beam
profile monitoring. Once calibrated, the detector could also
be used for dose monitoring in real time. This is one of the
main tasks for the further measurements.
Acknowledgements. The authors thank ULICE TNA
campaign within the FP7 European Programme and the
Grant Agreement no 228436 for the allocated beamtime at
HIT. We thank Collaboration MEDIPIX for TimePix

detectors. This work has been partially supported by the
NASU grant CO-4-1-2014.

REFERENCE:

1. Martinez-Rovira I|. Monte Carlo-based dose calculation engine for
minibeam radiation therapy / I. Martinez-Rovira, J. Sempau, Y. Prezado //
Physica Medica: European Journal of Medical Physics. — 2013. — Vol. 30. —
Issue 1. — P. 57-62.

2. Micro-strip metal detector for the beam profile monitoring /
Pugatch V., Aushev V., Fedorovitch O. et al. // Nuclear Instruments and
Methods. — 2007. — Vol. A 581. — P. 531.

3. Metal Micro-detector TimePix imaging synchrotron radiation beams at
the ESRF Bio-Medical Beamline ID17 / Pugatch V., Campbell M., Chaus A. et
al. // Nuclear Instruments and Methods A. — 2012. — Vol. 682. — P. 8-11.

Submitted on 07.11.14

AxkoBeHko B., kaHA. di3.-maT. Hayk, BiaAin di3nkn BUCOKMX eHeprin,

IHcTUTYT spepHux pocniaxedb HAH Ykpainum, MeanuHa knivika "lHHoBauin™;

Kosanbuyk O., ronos. iHx., Myray B., npod., OxpimeHko O., NpoB. iHx., CopokiH 10., kaHA. ¢i3.-MaT. Hayk,

BiaAin cisMkn BUcokux eHeprin, LieHTp AocnigaXeHHs1 BaXKuX ioHiB iMeHi MenbMronbua,

IHcTUTYT sspepHux pgocnigxenb HAH Ykpaiuu; MNpesaano M., KaHA. cpi.-maT. Hayk, MapTiHe3-PoBipa l., kaHAa. ¢i3.-maT. Hayk,
BipAineHHA 306paxeHHs | moaentoBaHHA B Herpob6ionorii Ta oHkonorii, CNRS, ®paHuis
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METANEBI MIKPO-IETEKTOPW /11 BI3YAJII3ALII TA MOHITOPUHIY NMPO®INIO MYYKA
B PAQIALINHIN TEPANII

Memanesi mikpo-demekmopu (MML) pospobneni 8 IHcmumymi sidepHux docnidxeHb HAH YkpaiHu. B pobomi npedcmaerneHi hisuka ma mexHika makux
demexkmopig Ona 0o3umempii, peecmpauii ma eisyaniauii ny4kie 3apsIOKeHUX YacmuHoK. [ns1 3abe3sreyeHHs1 MOYHO20 MOHIMopUHay npoginto Myyka eueomoesneHull
128-kaHanbHul X-Y MMLO. lNposedeHo mecmosi sumiprosaHHs 3 yum Oemekmopom Orisi enlekmpoHie 3 eHepeieto 20 MeB (MeduuHa knitika "IHHosauis"), a makox
8UCOKOeHep2emuYHUX adpPOHHUX r1y4Kig (MPOMOHU, iOHU 2C ma "0, Xatidenbbepe, LleHmp eaxko-ioHHOI mepariii). Pe3ynbmamu yux 0ocnioxeHb 062080poombCsl y
pobomi. Pesyribmamu Hawux docridxeHb 8Kkasytomb Ha Moxriusicmes 3acmocysarHsi MML 6 kniHidHil npakmuui.

Knroyoei cnoea: Memarnesi Mikpo-0emeKmopu, MOHIMopUHe Npogirto nyyka, MOHIMopuHe 003U OHIalH, MiHi-ly4Kkoea NpoMeHesa mepartisi.
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METAJIJTUMECKUE MUKPO-AETEKTOPbI /11 BU3YAJZIU3ALIMN N MOHUTOPUHTA NMPO®UISA NMYYKA
B PAAUALIMOHHOM TEPANNU

Memannuyeckue mukpo-Oemekmopbi (MML) paspabomaHsl 8 Hcmumyme sidepHbix uccriedosaHuli HAH YkpauHbl. B pabome npedcmasneHsl ¢huduka u
mexHuKa makux demekmopos Or1s1 do3uMempuu, peaucmpauuu U eusyanu3ayuu ry4kos 3apskeHHbIX Yacmuy. [nsi obecnedeHusi Mo4YHO20 MOHUMOpUHaa npoghursi
ny4yka uzzomoerneH 128-kaHanbHbill X-Y MMAn. [NposedeHbl mecmosble UaMepeHusi ¢ amum demeKkmopom Onsi 3riekmpoHos ¢ aHepauel 20 MeB (MeduyuHckasi
KnuHuka "VIHHosauusi"), a markke BUCOKOIHEp2emuYecKUX adpOHHbIX y4Ykos (MpomoHbl, UoHbl 12C u 160, Xaldensbepe, LleHmp mskeno-uoHHoU mepariuu).
Pesynbmambl amux uccnedosaHull obcyxodatomes 8 daHHol pabome. Pesyrnbmambl Hawux uccredosaHuli caudemerbCcmayrom o0 803MOXHOCMU npumeHeHust MM/ e
KIUHUYecKoU rpakmuke.

Knroyesble crioea: Memarnudyeckue MUKpO-0emeKmopbl, MOHUMOPUHE NpoguIIs MyyKka, MOHUMOPUH2 003kl OHIalH, MUHU-Ty4YKO8as Jly4eeas mepariusl.
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SELF-PHASE MODULATION OF LASER PULSE IN STRATIFIED SELF-FOCUSING MEDIUM

Self-phase modulation at quasi-stationary self-focusing in stratified Kerr liquid that is divided by an optically homogenous (non-
scattering) layer has been considered. Instantaneous frequency of the laser radiation pulse at transition of the self-focusing area through a
thin transparent layer is calculated. In addition, absorption of the light in the layer is taken into account.

The transition radiation on the layer (a glass partition or a similar structure), located in the self-focusing medium, has analogous
characteristics with the radiation at the exit border of the medium. The frequency shift of the transition radiation, originated on the layer, is
smaller than the shift of the laser radiation at the exit border of the medium. However, considering that the number of layers can be more than
one, it could be concluded that introduction of the layers simplifies the experimental observation of the transition radiation and its usage.

Keywords: laser, self-focusing, phase self-modulation, transition effect

Introduction. Combination of Stimulated Raman spatial scanning by powerful pulses of electromagnetic field

Scattering (SRS) as an effective method of laser radiation
frequency tuning [5], and self-focusing (SF) as a method of

at a velocity close to the speed of light [4], allows
transforming the initial pulse of laser radiation into a
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