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OPTICAL METAMATERIALS FORMED BY MULTILAYERED METAL-
DIELECTRIC NANOSTRUCTURES

P.A. Belov'? , E.A. Yankovskayaz, C.R. Simovski®

" Oueen Mary University of London, London, UK
? St. Petersburg State University of Information Technologies, Mechanics and Optics, St.
Petersburg, Russia
? Helsinki University of Technology , Espoo, Finland,
e-mail: pavel.belov@elec.gqmul.ac.uk

The most of optical realizations of double-negative media employ a nano-fishnet geometry [1-
7]. The structures consist of perforated metal-dielectric-metal stacks (nano-fishnet pairs). Usually,
single nano-fishent pairs are studied and it is assumed that the actual metamaterial can be created by
stacking these building blocks. This approach is dictated by the fact that the manufacturing of
experimental samples consisting of more than one nano-fishnet pairs remains a challenge. There are
only few reports actually dealing with multilayered nano-fishnets [6,7]. In this paper we consider
multilayered structures consisting of several nano-fishnet pairs and systematically analyze their
properties.

The extraction of material parameters from reflection and transmission coefficients [8,9] is a
common technique in processing of experimental data for nano-fishnet pairs. However, the obtained
material parameters usually can be hardly attributed to a particular three-dimensional optical
metamaterial which can be composed out of the nano-fishnet pairs. We refine conventional
procedure of material parameters extraction by incorporating the thickness of inter-block spacer
into the procedure and assess the applicability of such material parameters for description of real
three-dimensional metamaterials through comparison with material parameters extracted from
reflection and transmission coefficients of multilayered structures. We consider multilayered
structures consisting of several nano-fishnets and study convergence of material parameters
extracted from reflection and transmission coefficients of the structures if the number of building
blocks increases. If material parameters converge to some values then we assume that these values
can be treated as material parameters of infinite metamaterial. If convergence is not observed then
we conclude that the infinite metamaterial cannot be described by local material parameters at all.
The comparison of the material parameters obtained this way with ones extracted from reflection
and transmission coefficients of a single nano-fishnet pair allows to formulate general restrictions
on applicability of latter ones for prediction of properties of bulk metamaterials.

Our studies have shown that the material parameters extracted from reflection and
transmission coefficients of a nano-fishnet pairs provide reasonable prediction about material
parameters of infinite metamaterial only if the spacing between its constituent nano-fishnet pairs is

large enough. In the opposite case the material parameters significantly diverge from each other.
P. Belov acknowledges financial support by EPSRC Advanced Research Fellowship EP/E053025/1.

[1] V.M. Shalaev, Nature Photonics 1, pp. 41-48 (2007).

[2] S. Zhang et al, Phys. Rev. Lett. 95, pp. 137404 (2005).

[3] V. M. Shalaev et al Optics Letters 30, pp. 3357-3358, (2005)

[4] G. Dolling et al, Science 312, pp. 892-894 (2006).

[5] G. Dolling, M. Wegener, C.M. Soukoulis and S. Linden, Optics Letters 32, pp. 53-55, (2007)
[6] S. Zhang et al, Optics Express 14, pp. 6778-6787 (2006).

[7] G. Dolling et al, Optics Letters 32, pp. 551-553 (2007).

[8] D.R. Smith, S. Schultz, P. Markos and C.M. Soukoulis, Phys. Rev. B 65, pp. 195104, (2002).
[9] X.Chen, T.M. Grzegorcxyk, B.-I. Wu, J. Pacheco, Jr. And J.A. Kong, Phys. Rev. E 70, pp.
195104, (2004).
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The rare-earth borates with the common formula RM3(BOs)4 ( R = a rare earth (RE), M =
Al, Ga, Sc, Cr, or Fe) are intensively synthesized and investigated. They are interesting first of all
as materials which are used in nonlinear optics and laser techniques. It is well known that crystals
RFe3(BOs)s show various magnetoelastic and magnetoelectric effects depending on the certain rare-
earth element R [1]. Usually, the structural phase transition with symmetry reduction occurs in this
type of crystals. For example, in the crystal TbFe;(BOs)s at T=192K there is a first order structural
phase transition with symmetry reduction R32 — P3,21, as well as in GdFe3;(BO3)4 crystal [2].

In TbFes3(BOs)s crystal the mechanism of structural phase transition is not completely
clarified. Therefore in this work IR reflectance spectrum of monocrystal TbFe;(BOs3)4 had been
investigated by methods of IR spectroscopy for clearing of the mechanism of structural phase
transition and characteristics of crystal lattice dynamics. The plate of single crystal TbFe;(BO3)4
was cut out perpendicular to trigonal crystal axis c. Plate dimensions were 3mm x 3mm x 1mm.

In a temperature interval 10-300K the reflectance spectra of monocrystal TbFe;(BOs)s were
measured in a frequency interval of 200-1500 cm™ at polarization E, which was perpendicular to ¢
axis. Spectrum was interpreted as internal vibrations of complexes BO3”". It was established that
well developed structure of a vibrational spectrum was related to nonequivalent crystallographic
positions occupied by complexes BO3>". At temperatures below structural phase transition the weak
changes of frequencies of vibrational modes occur due to that phase transition. It is caused by
anharmonicity on external freedom degrees of complexes BOs>". Evidently, phase transition occurs
without multiplication of an elementary cell of a high-temperature phase of crystal TbFes;(BO3)a,
because the quantity of vibrational modes below temperature of phase transition is not increased.
Also, the weak reflection bands were observed in a spectrum. Those bands can not be explained by
internal vibrational frequencies of complexes BOs>. We assume that those bands are caused by
anharmonicity on internal vibrations of B033'.

This work was supported by the Russian-Ukrainian grant Ne: 8-2008.

[1] A.E.Zvezdin, S.S.Krotov, A.M.Kadomtseva, G.P. Vorob’ev, Yu.F.Popov, A.P.Pyatakov,
L.N.Bezmaternykh, and E.A. Popova, JETP Lett. 81 (2005) 272.

[2] C.Ritter, A.Balaev, A.Vorotynov, G.Petrakovskii, D.Velicanov, V.Temerov, [.Gudim,
J.Phys.:Condens Matter 19 (2007) 196227



CHANGE OF PHOTOLUMINESCENCE PROPERTIES OF Cd,,Zn,Te
SINGLE CRYSTALS AT 7= 5 K BY y — IRRADIATION OF *“’Co SOURCE

Yu.M. Naseka!, K.D.Glinchuk', N.M. Litovchenko', A.V. Prohorovich', L.V. Rashkovetskyi',
O.M. Strilchuk', B.O. Danilchenko®

1.V.E. Lashkaryov Institute of semiconductor physics of NAS of Ukraine, 41, pr. Nauki, Kyiv,
03028, Ukraine, e-mail: naseyur@meta.ua, strilchuk@isp.kiev.ua
2. Institute of physics of NAS of Ukraine, 46, pr. Nauki, Kyiv, 03028, Ukraine

The study of influence of high-energy particles on the photoluminescence of semiconductors
gives an important information about the generation of radiation defects, their physical properties
and interaction with initial ones [1]. In this paper we present data about the influence of y-quantum
radiation on the low-temperature photoluminescence (LTPL) of Cd;.Zn,Te crystals. Cd;.Zn,Te
crystals with the zinc molar concentration x < 0.05 have been studied. The crystals have been
irradiated using ®°Co source (which has quantum energy of about 12 MeV) in dose range of 10 —
100 kGy. LTPL spectra of the CdZnTe crystals were studied at 5 K. During analysis of getting
spectra were established that gamma-quantum stream leads to the following changes in the spectra:
a). The intensity of excitonic line D’X decreases more than 10 times. It is probably related to
expulsing reaction of cadmium atoms and III — VII groups elements (which are components of
isolated donors) by gamma-quanta to interstitial space [2]. The excitonic line A’X quenches but the
new line 4’; X appears. This line is shifted in a low energy side for ~ 2 meV and formed by
acceptor complexes like a cadmium vacancy — exciton (Vg — X). 4°; X line intensity increases with
increasing of irradiation dose. It can be explained by increasing of new radiation recombination
centers and it is related with increasing of Vq. .

b). The intensity of D’4”-e4” increases too and it is explained by increasing of acceptor levels
concentration too.

¢). Deep level defects line intensity quenches and it is related to deep level transformation or
destruction.

When the irradiation dose is 50 kGy < D < 100 kGy the intensity of all lines decreases which

can be explained by the effective generation of new radiationless recombination centers.
Similar changes are observed for LTPL spectra of CdTe, CdTe:Cl crystals under influence of
gamma-quantum irradiation [3]. Although decreasing of photoluminescence intensity which is
related to additional radiationless recombination centers introduction is observed for CdTe,
CdTe:Cl crystals already at values D > 3 kGy [2, 3].

Consequently, y-rays leads to substantial changes in LTPL spectra of CdZnTe single crystals.
Namely to sharp changes of proper lines, emission centers concentrations, initial centers
transformation, formation and introduction of new radiation and radiationless recombination
centers, that is related to Cd vacancy generation and the process of atomic expulsing in the
interstitial space from the lattice points.

[1]. Cavallini A., Fraboni B., Dusi W., Zanarini M. Defective states induced in CdTe and CdZnTe
detectors by high and low energy neutron irradiation // Journal of Applied Physics. —2003. —v. 94,
-Ne5.—-P.3135-3142.

[2]. Vakhnyak N.D., Krylyuk S.G., Kryuchenko Yu. V., Kupchak [.M. Influence of gamma-
radiation on characteristics of band-edge photoluminescence of undoped CdTe // Journal of
physical investigations. — 2002. — v.6, 3. — P. 347 — 353.

[3]. Krylyuk S.G., Korbutyak D.V., Kryuchenko Yu. V., Kupchak I.M., Vakhnyak N.D. Gamma-
radiation effect on donor and acceptor states in CdTe and CdTe:Cl // Journal of Alloys and
Compounds. —2004. — 371. — P. 142 — 145.
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! Physical department, Lviv I.Franko National University, UA-79005
Dragomanova st., 50, Lviv, Ukraine
? Scientific-Techical and Educational Center of Low Temperature Studies, Lviv I.Franko
National University, UA-79005 Dragomanova st., 50, Lviv, Ukraine

Crystalline ferroics with alkylammonium cations and inorganic anions evoke considerable
interest among scientists during last decades because of theirs interesting physical properies and the
sequence of phase transitions (PTs). Dimethylammonium gallium sulfate hexahydrate
NH,(CH3),Ga(S04),x6H,0 (DMAGS) crystal at room temperature belongs to P112;/n space group
and is ferroelastic with crystal lattice parameters: a=6.373 A, »=10.726 A, c=11.367 A,
£=100.86 0 , Z=2 [1]. DMAGS crystal underdoes PTs: antiferroelectric — ferroelectric at 7., =119
K, ferroelectric — ferroelastic at 7.,= 136 K [2].

Complicated structure of DMAGS puzzles unambiguous identification of the bands in the
vibrational spectra and analysis of their
changes at PTs. In order to elucidate
the nature of structural changes at PTs,
specially regarded to the metallo-
hydrate sublattice, DMAGS crystal
doped with 6.5 % chromium was
grown. Here Cr’" isomorphically
substitute Ga®* ions. The temperature
evolution of the photoluminescence
spectra in 132+300 K temperature
range with detailed analysis in the
vicinity of the ferroelectric PT was studied (Fig. 1). The obtained spectra were approximated by the
Lorentz contours using the method of the derivative spectrophotometry. The band, similar to the R-
band of ruby, and its phonon replicas were identified. The activation energy was calculated using
Mott's formula (E7=0.146 eV) describes intracenter luminescence quenching.

144 T=134K . 10

T=300K

11400 11700 12000 12300 12600 4 11400 11700 12000 12300 12600
v, cm v, cm

Fig.1. Photoluminescence spectra approximated by
Lorentz contours. obtained at different tempoeratures.

Table. Bands identification of the DMAGS:Cr photoluminescence spectra at T=300 K.

Phonon
. 1 . : frequency Identification of
Band Band position, cm Identification (Raman and IR | vibrational mode
spectra), cm’'

A 11762 R-464 (cm™) 465 v,(S0,)*

B 11942 R-284 (cm™) 270 rotation of CH,

C 12227 R

D 12358 R-132 (cm™) 120 lattice vibration

E 12563 R-336 (cm™) 345 v, (Me— H,0)

[1] Pietraszko A., Lukaszewicz K., Kirpichnikova L. Crystal Structures of NH,(CH3),Al(SO4),%
6H,0, NH,(CHj3),Ga(S04),x6H,0 and NH,(CH3),Al(So.89 Se.1104)2%6H,0 // Polish Journ. Chem.
—1993. - V.67.—P.1877 — 1884.

[2] Kapustianyk V. Physics of Crystal Ferroics. Lviv 2006, 438 p.
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Girich A.A."2 Khodzitsky M.K.?

! Kharkov National University of Radioelectronics, 14 Lenin Ave, 61166, Kharkov, Ukraine;
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Last years the research of propagation of electromagnetic waves in magneto-photonic
crystals (MPC) in EHF range is attracted a great attention. Those MPCs can be used for
development of devices that controlled with static magnetic field (broadband filters, attenuators,
antennas, etc.) [1]. Special interest represents research of effect of surface oscillations (“Tamm
states”) on the interface of MPC and medium with negative material parameters which can be used
for development magnetic field controlled narrow-band filters, resonators, etc. [2-4]. In the given
work spectral properties of the structure MPC/semiconductor have been investigated. In this
structure occurrence of surface oscillations on the interface of MPC, due to negative permittivity of
the semiconductor in EHF range, is possible.

Elementary cell of MPC consisted of layers: air, ferrite and quartz. Parameters of layers are:
1) a ferrite layer (1SCH4 brand) - permittivitye, =11.1, magnetization of saturation

47Ms = 4800G , damping factor a =0.024 and thickness of a layer is d,=0.5 mm; 2) a quartz
layer - ¢,=4.5 and d, =1 mm. 3) an air layer - d,, =1.5 mm. The semiconductor layer (InSb) had

following parameters - d,.=0.5 mm, collision frequency (v, =2-10"s7"), vy, =1.73-10% 57",
electron concentration (7,,, =1.2:10" sm™) nyy,, =2-10'°cm™. The InSb-layer contacted to quartz

layer boundary of MPC. The spectrum of transmission coefficient was measured in a frequency
range of 22-40 GHz in a range of magnetic fields 0-13000 Oe at temperatures 300 °K and 77 °K.
Spectrum calculation was carried out by a transfer matrix method taking into account limitation of
structure along a direction of propagation of an electromagnetic wave.

Appearance in a spectrum of structure MPC/semiconductor of resonant peak near to edge of
MPC forbidden zone for cases of perpendicular and parallel orientations of a constant magnetic
field and magnetic components variable EHF fields is shown theoretically and experimentally. This
peak specified with surface oscillation. For the first case (parallel orientation) peak displacement in
area of higher frequencies was observed at magnetic field increase that is caused by dependence of
ferrite permeability on a magnetic field. For the second case (perpendicular orientation) peak
displacement in area of lower frequencies was observed at magnetic field increase. In the area of
magnetic fields (above 7000) in the spectrum one more peak of resonant transmittance caused by
effect of a ferromagnetic resonance was observed. At nitrogen temperatures falling of peak quality
and its displacement in area of lower frequencies was observed. = The given work is supported by
STCU grant (Ne4912).

[1] S. Chernovtsev, D. Belozorov and S. Tarapov, Magnetically controllable 1D magnetophotonic
crystal in millimetre wavelength band, J. Phys. D:Appl. Phys., vol. 40, p. 295-9, 2007.

[2] A.P. Vinogradov at al., Surface state peculiarities in one-dimentional photonic crystal interfaces,
Phys. Rev. B, vol. 74, p. 045128, 2006.

[3] A. Namdar, 1. V. Shadrivov, and Yu. S. Kivshar, Backward Tamm states in left-handed
metamaterials, Appl. Phys. Lett. Vol.89, pp. 114104-3, 2006.

[4] D.P.Belozorov, M.K. Khodzitsky and S.I. Tarapov, Tamm states in magnetophotonic crystals
and permittivity of the wire medium, J. Phys. D: Appl. Phys., vol. 42, p. 055003, 2009
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Last years, increasing attention is paid to the study of media with negative index of refraction
(«left-handed media» - LHM) [1]. The use of LHM will allow developing a new class of narrow-band
frequency filters, transparent coatings in microwave and optical range and superresolution lenses -
superlenses [2]. Present work is devoted to experimental study of microwave propagation in a
composite material (LHM model) placed into waveguide.

The material under study consists of alternating layers of ferridielectric and metal, deposited on
mica. Each layer is partially transparent for the used frequency range. These composite structures
were studied in the frequency range of 22-40 GHz under the influence of the external magnetic field,

H =0+7 xOe. The thickness of the ferrite layer is d ! =0,5 mm and the dielectric permittivity is

5'f =1L1. Copper and nickel layers, with thickness d ZC i _ 50 —-70 nm, deposited on mica, with

thickness d ;m'ca =0,03 mm and permittivity &, =10. The results of the measurements are
presented in Fig. 1 (a) and (b).
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Fig. 1 Transmission factor of the ferrite/metal film structures: (a) ferrite/nickel film; (b)
ferrite/copper film.

Effective constructive parameters of composite structures are theoretically calculated [2]. The
bandwidths of transmittance have been found in the spectrum of composite structures (Fig. 1 (a), (b)),
which are the result of simultaneous negative values of effective permittivity and permeability of
composite (26-34 GHz) - the region with left-handed properties. The position tuning of this region
under the magnetic field influence has been shown. The obtained results for two types of composite
structures have been analyzed.

This work was partially supported by STCU project no. 4912.

[1] Veselago V.G., UFN, 517, 92(3), (1967).

[2] J.B. Pendry et al. Negative Refraction Makes a Perfect Lens: Phys. Rev. Lett. 3966, 85(18),
(2000).



INVESTIGATION METHOD OF FERROMAGNETIC RESONANCE
EFFECT BY SURFACE OSCILLATIONS IN PHOTONIC CRYSTAL IN
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Khodzitsky M. K.

Institute of Radiophysics and Electronics of NAS of Ukraine,
12 Ac. Proscury Str., Kharkiv, 61085, Ukraine
e-mail: khodzitskiy@yandex.ru

Now there are many various investigation methods of Ferromagnetic resonance effect (FMR)
in magnetic nanostructures, based on using of open resonators[1], cavities[2], micro strip lines[3]
and planar microresonators[4] etc. In this paper the new investigation method of FMR effect in
magnetic nanostructures, based on using of structure (photonic crystal(PC)/metallic film) as
resonator was proposed. In such structure there is the electromagnetic field concentration on the PC
interface, caused by appearance of resonant surface oscillation in the PC forbidden zone [5]. PC
bilayer consisted of quartz and teflon layers. Magnetic specimen under study was placed between
PC and metallic film. Transmission spectrum through the structure in the waveguide was measured
in the frequency range of 22-40 GHz in the magnetic field range of 0-15000 Oe. The possibility of
application of such resonant cell with unity filling factor for FMR investigation at room and low

temperatures was shown.

—— FMR on surface oscillation frequency

Photonic crystal "quartz-teflon" (PC)
FMR on PC passband oscillation frequency

—— PC+magnetic specimen+copper film
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Figurel — (a) Transmission spectrum of photonic crystal “quartz-teflon” (grey line) and
structure PC+ magnetic specimen +copper film(black line); (b) FMR spectrum on surface
oscillation frequency (black line) and on the first oscillation frequency of PC passband (grey line).
This work was partially supported by STCU project (Ne4912)

[1] S.LTarapov et al., Millimeter Waveband Open Resonator for Low Temperature
Magnetospectroscopy, Int. Journ. of Infrared and Millimeter Waves, 2002, vol.23(8), p.1215-1225.

[2] M.Khodzitskiy et al., Electron spin resonance properties of semiconductor/granular film
heterostructures with cobalt nanoparticles in millimeter waveband, JMMM, vol. 320, p.L37, 2008.

[3] V. P. Denysenkov et al., Broadband ferromagnetic resonance spectrometer, Rev. Sci.
Instrum., vol. 74(7), p.3400, 2003.

[4] R. Narkowicz et al., Planar microresonators for EPR experiments, Journal of Magnetic
Resonance, vol. 175(2), p. 275-284, 2005.

[5] A.P. Vinogradov at al., Surface state peculiarities in one-dimentional photonic crystal
interfaces, Phys. Rev. B, vol. 74, p. 045128, 2006.
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LOW FREQUENCY VIBRATIONAL SPECTRUM OF CRYSTAL
KYb(MOO4)2

N. S. Bondar!, V. I. Kutko?, S. N. Poperezhay”

"'V. N. Karazin National University
4, Svobody sq., kharkov
?B. I Verkin Institute for Low Temperature Physics and Engineering, NAS of Ukraine
47, Lenin Prospekt, 61103 Kharkov
e-mail: amurafl@bigmir.net

Crystal KYb(M0O4), belongs to a family of double alkali-rare earth molybdates with the
general formula KRe(MoQy),, where Re is a rare-earth metal ion. These compounds have an
orthorhombic crystallographic structure (D'*y, z=4) [1]. Their common features are low
temperature phase transitions induced by the cooperative Jahn-Teller effect (CJTE) [2, 3]. The
compounds have a layered crystalline structure formed by the weakly-bonded K'-layers and the
Re(MoOy),; layer packets with stronger bond. It induces low-frequency vibrational modes in the
excitation spectrum and a strong electron-phonon coupling between the electron excitations of the
rare-earth ions and the lattice vibrations, provided that their energies coincide.

To identify the structure of the low-energy vibrational and electron excitation spectrum of
KYb(MoO4), we measured the long-wavelength IR transmission. Two absorption bands with the
energies 25,3 cm™' in the polarization E||c and 16,8 cm™ in the polarization E||a were detected. They
are interpreted as interlayer vibrational modes. The acoustic and optico-acoustic vibrational
branches of the crystal KYb(MoQO,), in the Brillouin zone were calculated using a one-dimensional
model [4].

[1] M.V. Mokhosoev, F.P. Alekseev, V.L. Butukhanov. Double molybdates and tungstates: - Novosibirsk:
Nauka SB Publ., (1981).

[2] A.L. Zvyagin, T.S. Stetsenko, V.G. Yurko, R.A. Vaishnoras. JETP letters 17, 190 (1973).

[3] M.JM. Leask, O.C. Tropper, and M.L. Wells, J. Phys. P 14, 3481 (1981).

[4] H.J. Pain. Physics of vibrations and waves: - Moscow: Mir Publ., (1979).
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STUDY OF STATISTICS OF PHOTOCOUNTS FOR “SCHRODINGER’S
CAT” STATES OBTAINED USING NON-IDEAL PHOTODETECTOR

S.Kondovych, H.Gomonay

National Technical University of Ukraine «KPly, Institute of Physics and Technology
03056 Kyiv, Peremogy av., 37
e-mail. ksvitlana@i.ua

“Schrodinger’s cat” states [1] are supposed to be convenient objects for carrying out quantum
computations and implementation of quantum cryptographic systems. Modern quantum optics gives
possibility of realizing such states using laser radiation or squeezed states of light. Realization of
“cat states” offers the great challenge for their practical applications because they are the states that
could be resistant to decoherence in spite of their quantum character.

During studying and application such states of system, a lot of important tasks appear, one of
which is detection of created state. The dilemma takes place due to non-ideality of photodetector —
on the one hand, any real device hasn’t 100% effectiveness; while the experiment is being
performed, superposition of states in which the signal under study could be found is destroyed
because of detector’s non-ideality. On the other hand, the bigger efficiency factor is, the worse
statistics of photocounts is derived, distorted by noise measured simultaneous with valid signal. By
these reasons study of the influence of photodetector’s non-ideality on statistics of photocounts
seems to be interesting and topical problem that is necessary for correct interpretation of
measurement data.

In this paper statistics of photocounts is analyzed for the “Schrodinger’s cat” signal state. It is
assumed that measurements are performed using the scheme of balanced homodyne detection with
two equal non-ideal detectors. Existing formalism allows carrying out computations of probability
distribution of difference photocounts [2] versus different values of efficiency factors of
photodetectors. Especially interesting case of phase of coherent state being m/2 is analyzed in detail.
As the result of interference such values of difference events appear in this case that could be
obtained with zero probability (considering ideal measurement). If the measurement is non-ideal,
statistics of photocounts changes due to destruction of interference of states. Also study of the
influence of thermal noise on system was held. It shows spreading of statistics that could make
detection of signal state unrealizable.

[1] Wolfgang P. Schleich. Quantum Optics in Phase Space. (2005)
[2] W. Vogel and J. Grabow, «Statistics of difference events in homodyne detection», Phys. Rev. A
47,4227 (1993).
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KBAHTOBBIN KPUIITOI'PAOUUYECKHUM ITPOTOKOJ COW
(COHERENT ONE WAY): JETEKTUPOBAHUE KOI'EPEHTHBIX
KBAHTOBBIX COCTOSIHUM [TPU HAJIMUNHA IIITYMA

H.B. KpacunoBa, E.B. 'omonaii

Du3uUKO-mexHuyeCcKUutl UHCIUmym,
Hayuonanvuoiii mexnuueckuil ynusepcumem Yxkpaurol
«Kuesckuii nonumexnuyeckuii uncmumymy
03056 Kues, np. Ilo6eowi, 37
e-mail: nata.krasnova@gmail.com

Ha cerognsmnuii nens 2¢¢GeKTUBHAS 3aIMTa CEKPETHOW HH(OPMAIIMK OCYIIECTBISIETCS HE TOIBKO
HAa MaTeMaTHYeCKOM YpOBHE, HO M (U3NYECKMMU METOJaMH. B 4YacTHOCTH, KBaHTOBBIE
KpunTorpaguueckue MpOTOKOJIbI MO3BOJIAIOT TE€HEPUPOBATh KIIOY, CEKPETHOCTb KOTOPOIO
o0OecrieunBaeTcs KBAHTOBBIMHM CBOMCTBaMHM HocuTeneil uHbopmanuu (B JaHHOM cllydae,
KBaHTOBBIMH ONTUYECKUMU curHanaMu). OfHa U3 MOCIETHUX UAeH B 3TON 00JIaCTH - IPOTOKOJIBI C
UCTOJb30BAHUEM KOTEPEHTHBIX COCTOSIHUM, KOTOpPbIE IIO3BOJIIIOT HE TOJBKO O0ECledyuTh
CEKPETHOCTh COOOIICHUS, HO, U, B TIEPCIIEKTUBE, YBEIMYUTH EMKOCTh HH(POPMAIIMOHHOTO KaHasa 3a
cyeT cynepagauTUBHOCTH. C JApyrod CTOPOHBI, HCIOJIb30BAHME KOTEPEHTHBIX CHUTHAJIOB
CYIIECTBEHHO YCJIOXKHSET MPOIECC CUUThIBaHUS HHPOPMAIIMU, OCOOCHHO C y4€TOM HEU/IeaTbHOCTH
netekTopoB. TakuMm o00pa3oMm, akTyalbHOW 3ajadyeld SBISAETCS HCCIEIOBAaHUE YCTOMUYMBOCTH U
HAJE)KHOCTH TaKUX MPOTOKOJIOB B PEANIbHBIX YCIOBUAX. B aHHON paboTe aHanu3upyeTcss HeJaBHO
npeaioxeHHsiid [1] mpotokon COW, B KOTOpoM KonupoBaHWE MH(POPMAIMKM OCYIIECTBIISICTCS Ha

napax KOT€PEHTHBIX COCTOSHUMN |0>|a> (mormueckuit «0») u |a>|0> (mormueckast «1»). Mal
M3y4aeM MpoIecc ACTEKTHPOBAHUE TAKUX COCTOSIHUN MPH HANWYUU mryma. VICXoas w3 U3BECTHOTO
BeIpaKeHUs [2] mis omeparopa o6o0menHoro uaMeperus (POWM) moiydeHbl BBIpaKEHUS IS

BEPOSITHOCTH CpabaTbiBaHUs (POTOIETEKTOPOB, CIYKAIUX KaK JJs UACHTU(DUKAIIMYM CUTHANA, TaK U
JUISL BBISIBIICHUSI 3JI0YMBIIUIEHHUKA. BBIUMCIIEHA BEpPOSITHOCTh OIIMOOK, BHOCHMBIX HAIUMYHEM

«TIPUMAHKN» (COCTOSTHUE |a>|a> ), @ TAKXKe CBSA3aHHBIX C HEUJEAIbHOCTHIO AeTekTopa [3]. Cruenana

OIICHKAa MHWHHUMAJIBHOI'O KOJIMYECTBA KY6I/ITOB, H€06XO)II/IMI)IX JJIA HaI[e)KHOfI FeHepaHI/II/I KJIIro4ya
JUTHHOM Kk CHMBOJIOB.

[1] C. Branciard and N. Gisin //arXiv:quant-ph/0609090 (2006).

[2] W. Vogel and J. Grabow// Phys. Rev. A 47, 4227 (1993).
[3] C. Branciard and N. Gisin // arXiv:0710.4884 (2008).
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SOME EFFECTS IN THE ULTRASLOW LIGHT PHENOMENON
IN BOSE-EINSTEIN CONDENSATES OF ALKALI-METAL ATOMS

A. Sotnikov

Akhiezer Institute for Theoretical Physics, NSC KIPT,
1 Akademichna Street, 61108 Kharkiv, Ukraine,
e-mail: a_sotnikov@kipt.kharkov.ua

We propose a microscopic approach for a description of processes of interaction of the ideal
gas of alkali-metal atoms with a weak electromagnetic radiation. The description is constructed in
the framework of the Green-function formalism that is based on a new formulation of the second
quantization method in case of the presence of bound states of particles (atoms). For a gas with the
Bose-Einstein condensate (BEC) the dependencies of the propagation velocity and damping rate on
the microscopic characteristics of the system are studied [1].

On the basis of the proposed approach the influence of the external homogeneous and static
magnetic field on the slowing of electromagnetic waves in the condensate is studied. It is shown
that the velocity of the pulses can be effectively controlled by the bias field [2].

The approach is generalized on the case on nonzero temperatures. We analyze the influence
of the temperature effects on the slowing and absorption parameters of a BEC. It is shown that in
the present experimental conditions the group velocity of pulses practically do not depend on the
temperature in the region from the absolute zero to the critical temperature. We find the cases when
the temperature effects in a BEC can play a significant role.

[1]Y. Slyusarenko and A. Sotnikov Phys. Rev. A 78, 053622 (2008).
[2] Y. Slyusarenko and A. Sotnikov Phys. Lett. A 373, 1392 (2009).
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LUMINESCENCE-KINETIC ANALYSIS OF RADIATION-INDUCED
PROCESSES OF ATOMIC CRYOCRYSTALS
STRUCTURE MODIFICATION

N. Yu. Masalitina, A. N. Ogurtsov

National Technical University "KhPI"
61002 Kharkov, Frunse Str. 21
e-mail: nat masalitina@ukr.net

The irradiation of atomic cryocrystals by electrons and photons results in point defect
formation (manly Frenkel pairs: vacancy and interstitial atom) induced by excitons and holes self-
trapping. The experimental study of subthreshold defect formation processes by methods of low
temperature time-resolved analytical VUV-spectroscopy, revealed the microscopic mechanisms of
creation of defect states in atomic cryocrystals. Recently on the base of experiments on atomic
cryocrystals selective photoexcitation by synchrotron radiation at SUPERLUMI experimental
station (at HASYLAB, Hamburg) the kinetic model of low temperature process of Frenkel pair
creation induced by electronic excitations has been proposed using the standard chemical kinetics
approach [1]. Application of this kinetic model allows to propose the new luminescence-kinetic
analytical method of nondestructive inspection of structural condition of the sample; to obtain the
experimental evidences of defect phase growth in the crystal; and to propose the analytical
description of this process.

At the beginning of selective irradiation by VUV-photons the growth of the intensity of
characteristic luminescence bands reflects the accumulation of the stable point defects in the lattice
of the crystal, which are formed as a result of excitation and self-trapping of excitons in the
consecutive process E+ T<«> MTE — D, where E — is the mobile electronic excitation (free
exciton), which is trapped at the trapping center 7" and induces the formation of metastable excited
local center MTE [1]. Radiation decay of short-live MTE-center either returns the lattice into the
initial state, or creates the stable defect D (Frenkel pair). The kinetics of growth of characteristic
luminescence intensity under steady-state conditions of irradiation may be expressed as
I(t) =1y + K-t+(L + 1) ', where Iy=1(0) — initial intensity of characteristic luminescence of the
sample; K — value of (I(t)—1p) at t > ©; L ~npnfnyme)” — the sample specific constant; n —
concentration [1]. Numerical fitting of experimental dose curves for the samples of solid xenon and
neon allows to obtain the values of these constants Kx. = 1600 cps, Kne = 600 cps, Lxe = 2.4.10° S,
Lne=1.4-10"s. After long exposure, when the point defect concentration in the sample, np, will
exceed the critical value, the exciton self-trapping near existent defects will not stimulate the
creation of the new defect, but will induce the aggregation of the existent defects in the process
MTE + D — DD. In this case the fading kinetics of the characteristic luminescence may be
expressed as I(t) = K-L"(L'+ t)’l, where L'~ nMTEnD(nDD)*l. Numerical fitting of the dose curves
allows to determine the value of this constant L'=4.8-10>s for the particular case of xenon
cryocrystal.

[1] A.N. Ogurtsov, N.Yu. Masalitina, O.N. Bliznjuk. Low Temp. Phys. 33, 689 (2007).
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HPOLECCBHI ABTOJIOKAJIN3ALIUU B J-AT'PEI'ATAX KAK CJIEJACTBHUE
3KCUTOH-®OHOHHOI'O B3AUMOJIENCTBUA

KarpynoB UBan

HUncmumym cyunmunnayuonnvix mamepuanoé HAH Ykpaunwi
np. Jlenuna 60, Xapvros, Ykpauna

J-arperaTsl - 3TO KJacTepbl HEKOBAJICHTHO CBSI3aHHBIX JIOMHHO(POPOB, OPraHW30BaHHBIX B BHJIE
JUHEMHBIX  3aMKHYTBIX Iemoyek. J-arperaTbl MOTYT 0Opa3oBBIBATBCA B  pe3yjbTare
CaMOYMOPSIOYECHHUS] MOJIEKYJ KpAacHUTeNs B BOJHBIX pPAacTBOPAX WM MCHOJB3Yys pa3IndyHbIC
KoHTpoupyemblie madnonsl, Takue kak JJHK, PHK, moBepxHOCTHO-aKTHBHBIE BEIIECTBA.

[Iporieccel 3NMeKTPOHHBIX BO30YXKIEHUH B J-arperatax XOpOIIO OMKMCAHBI B SKCUTOHHON MOJIETN
Openkens. Ha mpoTsbkeHUH 10ATOr0 BPEMEHH J-arperaThl HCTOIB30BAIUCH KAaK XOPOITHH 00BEKT
ucClIeoBaHus  (YHJAMEHTAJIbHBIX  ACHEeKTOB JWHAMUKMA OKCUTOHHBIX  BO30YXKIEHHH B
MaJIOpa3MEPHBIX CHCTEMaX, TAKUX Kak: JIOKAJIW3alusl 3KCUTOHOB, CBEPXM3IYyUECHHUE HKCHUTOHOB,
SKCUTOHHBIN TPAHCIIOPT, HEJIMHEWHBIE CBOMCTBA SKCUTOHOB.

N3BeCTHO, YTO B3aMMOJACHCTBHE J-arperaToB LHMAHWHOBBIX KPACHUTENEH C Pa3jIMYHOrO BHUJA
mabJoHaMu MPUBOAUT K 3((EKTY CUIBHOTO BO3pAacTaHUs KBAHTOBOI'O BBIXOJA JTIOMUHECICHIIMH.
Takoit shdexT oObsICHSIETCS OrpaHHUYEHHUEM BpAICHUS MOJEKYJT KpacUTENs COCTOSAIIMX B J-
arperaTe, U Kak CJIEJCTBHE — MEPEKPHITHE KaHAIOB Oe3uiyyaTeiabHOH penakcauuu. HecMoTps Ha
TO, YTO BpAIIECHHE MOJIEKYJl KpacuTessd B J-arperarax CTpOrO 3alpelleHO, KBAaHTOBBIM BBIXOJ
JIOMHMHECLIEHIIUU J-arperatoB B BOAHBIX PAacTBOpPAax OYEHb HU3KHUH, IMOCKOJIbKY B JJAaHHOM Clly4ae
MBI cTaJKuBaeMcs ¢ 3GEKTOM CUILHOTO TYIICHHUS SKCUTOHHBIX COCTOSIHUH,

IIpyrynHBEl 1 MeXaHU3MBI IIOTEPU KBAHTOBOI'O BBIXOJA JIIOMHUHECLCHIMU B JJAHHOM ClIy4dae Ha
JAHHBII MOMEHT HE PACKPBITHI.

B nannoit pabote BnepBble MOKa3aHa CBSI3b MEKIY KBAaHTOBBIM BBIXOJOM JIOMUHECIICHIIMH
J-arperaToB M BeNMYMHON AKCUTOH-(QOHOHHOrO B3aumojeicTBus. JlaHHBIA (QeHOMeH Obul
paccMOTpeH JUIsi HECKOJIbKUX BHUJIOB J-arperatoB nuaHuHoBbIX Kpacurtened ( PIC, JC-1, L-21).
Taxxe ObUTO paccMOTpeHO mpaBwio Ypbaxa. IS 3TOro HCIOIB30BAIMCH KOPOTKOBOJIHOBBIC
(parMeHThl CIEKTPOB TIOIVIOMIEHUS BCEX BHIOB J-arperaroB, TMOJYYEHHBIX @PU pa3HBIX
TEMIEpaTypax B MPUCYTCTBUU U OTCYTCTBHH I1adnoHa [TAB. DT0 mo3BONMHUIO MOMYyYUTh BEIUYUHY
9KCUTOH-(OHOHHOTO B3aMMOAEUCTBUs A J-arperatoB. Habmnromanock aHOMalbHOE yBEIUYCHHE
a0COJIIOTHOI'O KBaHTOBOI'O BBIXO/Ia JTIOMUHECIIEHIIMM (B HEKOTOPBIX cilydasix Oosblie yem B 20 pa3)
B npucyrctBun I[IAB. J[letanbHblid aHaiW3 [OaHHBIX TMPOLECCOB, a TaKXKe U IMPOIECCOB
ABTOJIOKAIM3AIMH SKCUTOHOB U3Y4Y€H B IaHHOU paboTe.
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ION IMPLANTATION OF B IONS INTO CMT SUBSTRATES AND
DETERMINATION OF OPTIMUM OPTICAL CHARACTERISTICS FOR
MAKING PHOTODIODE P-N STRUCTURES IN NARROW (-BAND-) GAP

SEMICONDUCTOR MATERIAL.
Ruslana S. Udovitska, Genadiy V. Kalisty, Vladimir V. Fedulov,

Institute of Semiconductor Physics (Ukraine), e-mail: rusya_net@ukr.net

The successful application of ion implantation is determined primarily capacity to predict and
control electrical and mechanical properties of formed elements in the given circumstances
implanted. Ion implantation B into CMT was carried out, with different thickness (CdTe / CdHgTe
/ CdZnTe, CdHgTe / CdZnTe, CdTe / CdHgTe / CdTeZnTe / GaAs). Calculations ion distribution,
ionization, recoils and determined maximum concentration B ions. Find the optimal dose and
energy of implantation for the creation of p-n transitions in narrow (-band-) gap semiconductors.[1]
There were optimal concentrations of ions B in the CMT structure that allows you to create high-
quality photodiodes having photosensitivity infrared (3-5 microns) (9-12 microns). B ion
implantation into CMT film substrate was made with purpose of investigation of volt-ampere
characteristics and defects formation.
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1. R. Radermacher, S. Mantl, Ch. Dieker, and H. Liith, Mat. Sci. Eng. B12 115 (1992).
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COMPRESSION OF QUADRATICALLY PHASE-MODULATED FEW-
CYCLE PULSES IN DISPERSIVE MEDIUM

0. L. Paseka' , V.E. Lobanovl, A. P. Sukhorukov'
M. V. Lomonosov Moscow State University, Moscow, 119991, Russian Federation, Physical

Department,
e-mail: olgapaseka@gmail.com

Extremely short optical pulses, containing few electromagnetic field oscillations, find increasing
application in nonlinear optics, medicine, spectroscopy and diagnostics of ultrafast processes and
materials, laser physics (interaction of light with matter), telecommunication systems, and other
fields [1]. Pulses containing only three to five field oscillations were experimentally obtained in the
near-IR range using parametric generators [2]. Extremely short pulses are obtained using different
methods of pulse compression with phase modulation in frequency-dispersive media (fibers, grids,
etc.). In nonlinear media, the effect of self-compression is used for pulse compression [3]. Recently,
compression of pulses with a spectral supercontinuum has been performed [4]. A significant
compression was obtained at parametric amplification of chirp pulses [2, 5-7]. Hollow gas-filled
photon fibers [8] have a very high dispersion, which is necessary for effective compression. The
theory of picosecond pulse compression has been developed using the method of slowly varying
amplitudes (SVA method) in the second-order approximation of the dispersion theory [2, 9].
However, this method is invalid for extremely short femtosecond pulses, because the spectral width
of few-cycle pulses is comparable with the width of spectrum. Therefore, the propagation of
extremely short pulses is described using either the SVA method with allowance for the higher
order (third, fourth, etc.) dispersion [2] or the method of slowly varying profile (SVP method) of the
pulse electric field. In this study, we used the SVP method to analyze the limiting compression of a
few-cycle pulse with quadratic phase modulation. Complex numerical simulation of the equation
for the optical wave electric field was performed with varying the phase-modulation index and the
pulse width. More detailed equations are shown in [10].

A theory of compression of a few-cycle pulse with quadratic phase modulation has been developed
within the SVP method. The equation for the electric field was numerically solved varying the
phase modulation index, number of oscillations, and input pulse width. The optimal modulation
index was found, at which a pulse can be compressed to one oscillation period. When the
modulation index exceeds the optimal value, the width at the compression point increases. This
study was supported by Grant NSh-671.2008.2 of the President of the Russian Federation for
Support of Leading Scientific Schools and the Russian Foundation for Basic Research, project nos.
09-02-01028 and 08-02-00717.

[1].J. Herrmann et al., Laser fiir Ultrakurze Lichtimpulse, Akademie. Berlin, (1984).

[2]. A. Baltuska et al., Opt. Lett 22, pp. 102-104, (1997).

[3]. G. Agrawal, Nonlinear Fiber Optics. Academic, San Diego, (1995).

[4]. J. Dudley et al., Opt. Express 12(11), pp. 2423-2428, (2004).

[5]. P. Kinsler et al., Phys. Rev. A. 67, 023813, (2003).

[6]. S. Witte et al., Opt. Express 13(13), pp.4903-4908, (2005).

[7]. F Tavella et al. Opt. Lett. 32(15), pp.2227-2229, (2007).

[8]. M. Nurhuda et al., Appl. Phys. B. 89, pp.209-215, (2007).

[9]. A. P. Sukhorukov et al., Theory of Waves, Moscow: Nauka, (1990).

[10]. O. Paseka et al., Bulletin of the Russian Academy of Sciences 72(12), pp.1628-1631, (2008).
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MEASUREMENT OF PERMITTIVITY OF METAMATERIAL BY
INVESTIGATION OF BAND STRUCTURE OF PHOTONIC CRYSTAL

Krivorutchenko T.N.', Nedukh S.V.%, Khodzitsky M.K.’

"Kharkov National University of Radioelectronics
?Institute of Radiophysics and Electronics of NAS of Ukraine,
12 Ac. Proscury Str., Kharkiv, 61085, Ukraine
e-mail: khodzitskiy@yandex.ru

Last time, there are many measurement methods of permittivity of metamaterials
(resonator[1], waveguide[2], microstripline methods[3], etc.). In this work the new method of
measurement of dielectric metamaterial permittivity, based on investigation of photonic crystal
(PC) band structure, was proposed. The comparision of experimental and theoretical band structures
(transmission spectra) of PC (material with known constructive parameters / material with unknown
constructive parameters) is the essence of the method. The elementary PC cell consisted of
quartz/investigated specimen and teflon/investigated specimen layers. The opal matrix with
magnetic inclusions NipsZngsFe,O4 as investigated metamaterial was used. The transmission
spectra through the PC in waveguide were investigated in the frequency range of 22-40 GHz. The
PC band structures were calculated by transfer matrix method. The value of metamaterial

permittivity NigsZng sFe,O4, obtained by this method, is equal to €' =3+5%.

— "teflon(2.2 mm)-Nig 5Zng 5Fep04(1.5 mMm)"

— "quartz(1.1 mm)-Nig 5Zng 5Fe204(1.5 mm)" ‘
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Figure 1 — (a) Experimental transmission spectrum
of PC “quartz (1.9 mm)-NigsZngsFe;O04(1.5 Mmm)”; (b) Experimental transmission spectrum of PC
“teflon (2.4MMm)-NigsZng sFe;O4 (1.5MMm)” and PC “teflon (1.2mMMm)-Nig sZng sFe,O4 (1.5Mm)”
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INCREASING OF EHF TRANSPARENCY OF MANGANITE-PEROVSKITE
IN NEGATIVE CONSTRUCTIVE PARAMETERS FREQUENCY RANGE

Khodzitsky M. K.

Institute of Radiophysics and Electronics of NAS of Ukraine,
12 Ac. Proscury Str., Kharkiv, 61085, Ukraine
e-mail: khodzitskiy@yandex.ru

Last years there is a great interest to investigation of media with left-handed properties —
“left-hahded media” (LHM) (&' <0,u'<0)[1], in which negative permittivity and permeability is
provided by one layer in composite structure [2,3]. In this work it was shown, that one layer of
manganite-perovskite can be left-handed medium. The structure of photonic crystal(PC)/manganite-
perovskite was investigated. In this structure the surface oscillation, associated with energy
concentration on the interface between PC and negative permittivity medium, occurs in the PC
forbidden band[4]. The PC consisted of 4 quartz/teflon layers. The manganite-perovskite layer
Lag 775S19.22sMnO3 (Tx=370 K) contacted with PC interface quartz layer, Fig.1(a). Transmission
spectra through the structure in the waveguide were investigated in EHF range of 22-40 GHz, in
magnetic field range of 0-7000 Oe. Increasing of EHF transparency (LHM transmission peak,
Fig.1(b)) of manganite-perovskite in negative refraction frequency range was analyzed. The tuning
of this frequency range position by magnetic field was shown. The temperature influence on LHM
peak intensity, assosiated with manganite magnetization changing, was shown - Fig.1(c). The
increasing of surface oscillation peak intensity at coincidence of LHM transmission peak frequency

and surface oscillation peak frequency was shown.
(Lag.775Sr0.225Mn0O3)/(Quartz/Teflon)4
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Figure 1 — (a) Photo of investigated structure; (b) Experimental transmission spectrum through the
investigated structure at magnetic field H=6240 Oe; (c) Dependence of LHM transmission peak
intensity on temperature at H= 6530 Oe
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STUDY SPECTRAL AND ENERGY FEATURES OF THE LAMP OF THE
CAPACITIVE DISCHARGE ON VAPOUR OF HEAVY WATER

A. A. Heneral

Institute of Electron Physics NAS Ukraine, §8017 Uzhgorod, Universitetska Str. 21
e-mail: heneral-andrij@rambler.ru

The more intensive study of the sources ultraviolet (UV) of the radiation began in connection
with growing of the practical applications. For instance, first ingenious attempts of the using UV
radiations of the nitric lazer on wavelength 337.1 nm are undertaken in medicine at treatment
varieties of the tubercle bacillus [1]. Bottomed out interest to studies of the sources spontaneous UV
radiations on base of the molecules N,*, OH* and OD*, which radiate in given range. To this
molecule special interest since worker of the ambience on their base does not contain vapours of the
Hg and Cd.

In the result of the experimental study of UV radiation of the spectrum of the lamp on base of
the molecules OD" are presented in this work.

Excitement of the capacitive discharge of the low pressure in lamp - a quartz tube with
internal diameter 12 mm, the length 50 cm, distance between cathode and anode 20 cm, was power
supplied from a generator with the resonance recharge of a 670 pF capacitor bank switched by a
TGI1-2000/35 pulse thyratron, as commutator. Heavy water was found in a offshoot which was in
lamp.

For registration of the emission features of the lamp was used monochromator MS 7504i of
the company SOLAR TII with a photomultiplier PMT R928. The experiments are made at pressures
~ 1 Torr, frequency of the repetition pulse 5 kHz, a voltage 3 kV, a current 0.09 A, under these
condition was a recorded spectrum in the region of 270 — 340 nm (fig.).

For measurement of the average

1.0 : : : : : : power with point area of the lamp was
I ] used meter of the power - IMO-2N.

In UV region of the spectrum of
the radiation of the lamp on vapour of
the molecules OD" concentrated mainly
in the region of 305 — 325 nm, where
radiates a transition 4—X molecules
OD", with the mainly by maximum ~
309 nm, as well as maximum under ~
306 nm, ~ 312 nm, ~ 297 nm, ~ 282 nm
and ~ 288 nm.

Thereby, source spontaneous uf
radiations was created on vapour of

08l ]

0.6}

0.4r

Intensity, a. u.

0.2

0.0 280 ' 3|00 ' 3|20 ' 340 heavy water with average power of the
radiation ~ 43 mW, under enterring
Wavelength, nm power ~ 27 W and efficiency source in

UV region of the spectrum ~ 0,16 %. it is created lamp can find using that area, where it is
necessary not coherent UV radiation in spectral region 305 — 325 nm, for instance, medicine,
photobiology and photochemistry.

[1] A. Bajpai, S. Bhargava, P.K. Gupta, Jain N. Kumar Indian Journal of Tuberculosis. 229-231, 53
(2006).
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