O1. Rydberg Excitations in BECs and Cold Clouds
M.G. Bason', M. Viteau®, N. Malossi'?, D. Ciampini'?, O. Morsch®, E. Arimondo™?
'INO-CNR, Dipartimento di Fisica “E. Fermi”, Universita di Pisa, Pisa, Italy
ZCNISM, Dipartimento di Fisica “E. Fermi”, Universita di Pisa, Pisa, Italy

Cold Rydberg atoms have been the subject of intense study and have found applications in diverse
areas of quantum physics. Interactions between neutral ground state atoms are weak compared to
those of atoms excited to Rydberg states. This is due to the large electric dipole moments of
Rydberg atoms which lead to long-range, dipole-dipole interactions. One result of these interactions
is the dipole blockade effect, in which strongly interacting atoms excited by the same driving pulse
may prevent the excitation of neighbouring atoms. This blockade offers several applications, for
example the realization of quantum logic gates [1]. Recent results with two trapped atoms show the
possibility of creating entangled states [2].

By investigating the dipole blockade effect in larger atomic samples, it is possible to study
collective phenomena. To this end, we produce Bose Einstein Condensates (BECs) in different
density regimes in which Rydberg atoms are created and then ionised. Our results for condensates
expanded to different sizes in the one-dimensional trap agree well with the intuitive picture of a
chain of Rydberg excitations [3].

Furthermore, to add spatial order to this system, we initialise ultra-cold atoms in optical lattices. In
such configurations the Rydberg excitations in the optical lattice do not destroy the phase coherence
of the condensate. Our results in that system agree with the picture of localized collective Rydberg
excitations including nearest-neighbour blockade.

[1] D. Jaksch et al., Phys. Rev. Lett., vol. 85, p. 2208 (2000);
M. D. Lukin, ibid., vol. 87, p. 037901 (2001).

[2] E. Urban et al., Nature Physics 5, p. 110 (2009);
A. Gaétan, et al., ibid., vol. 5, p. 115 (2009).

[3] M. Viteau et al., Phys. Rev. Lett. 107, 060402 (2011).



02. Selective Addressing of Amplification of Narrow Resonance Formed in Transmission
Spectrum of Nano-cell Placed in External Magnetic Field
D. Sarkisyan®,Y. Pashayan-Leroy?, C. Leroy?, A. Papoyan®, G. Hakhumyan'?, A. Sargsyan*
'Institute for Physical Research, NAS of Armenia, Armenia
*Laboratoire Interdisciplinaire Carnot de Bourgogne, Université de Bourgogne, France

It was demonstrated in [1,2] that the use of nano-metric-thin cell (NTC) filled with Rb atomic vapor
and having the thickness of L = A (where A = 794 nm is the wavelength of laser radiation whose
frequency is resonant to the atomic transition of the D; line of Rb) allows one to narrow velocity
selective optical pumping (VSOP) resonances in the transmission spectrum. The VSOP resonance
allows one to separate and study the atomic transitions between the Zeeman levels of the hyperfine
structure (optical domain) of the D; line of the ®Rb atoms in magnetic fields with B from 10 to
5000 G. As a rule ten—fifteen VSOP resonances are formed.

However, in some cases the amplitude of a VSOP resonance could be small enough, thus there is a
need to increase the VSOP amplitude. We propose a scheme, where an additional laser radiation is
used with appropriate frequency and which allows of selective addressing of amplification of
narrow resonance formed in transmission spectrum of nano-cell placed in an external magnetic
field.

Particularly, in case of using a probe radiation with ¢~ polarization, the VSOP resonances formed
on ¥Rb, D line, Fy=1 — F =2 atomic transitions have a small amplitude decreasing with the
magnetic field strength B. By applying a second laser radiation (coupling) with ¢* polarization (in
this case a V-system is formed) the selective addressing of VSOP amplification becomes possible.
Note, that the probability of Fg=1 — F, = 2atomic transitions with ¢* polarization excitation (in
contrary to ¢~ polarization excitation) increases with magnetic field strength B.

Theoretical model presented well describes the experimental results.
Research conducted in the scope of the International Associated Laboratory IRMAS.

[1] D. Sarkisyan, A. Papoyan, “Optical processes in micro- and nanometric thin cells containing
atomic vapor”, (Horizons in World Physics, vol.263), Ed.: R. Drampyan, Nova Science
Publishers, ISBN: 978-1-60741-025-6, Ch.3, pp.85-124 (2009).

[2] G. Hakhumyan, C. Leroy, Y. Pashayan-Leroy, D. Sarkisyan, M. Auzinsh, Optics Commun.,
284, 4007-4012 (2011).



0O3. Nonlinear Magneto-optical Resonances for Systems with J ~100 Observed in
K2 Molecules
Marcis Auzinsh
University of Latvia, Latvia

I will present the results of an experimental as well as theoretical study of nonlinear magneto-
optical resonances in diatomic potassium molecules in the electronic ground state with large values
of the angular momentum quantum number J ~100. At zero magnetic field, the absorption
transitions are suppressed because of population trapping in the ground state due to Zeeman
coherences between magnetic sublevels of this state along with depopulation pumping. The
destruction of such coherences in an external magnetic field was used to study the resonances in this
work. K5 molecules were formed in a glass cell filled with potassium metal at a temperature above
150°C. The cell was placed in an oven and was located in a homogeneous magnetic field B, which
was scanned from zero to 0.7 T. Q-type and R-type transitions were excited with a tunable, single-
mode diode laser at a wavelength of 661 nm. Well pronounced nonlinear Hanle effect signals were
observed in the intensities of the linearly polarized components of the laser-induced fluorescence
(LIF) detected in the direction parallel to the B-field with polarization vectors parallel (lpa) and
perpendicular (Ier) to the polarization vector of the exciting laser radiation, which was orthogonal
to B. The intensities of the LIF components were detected for different experimental parameters,
such as laser power density and vapor temperature, in order to compare them with numerical
simulations that were based on the optical Bloch equations for the density matrix. We report good
agreement of our measurements with numerical simulations. Narrow, subnatural line width dark
resonances in ler(B) were detected and explained.



O4. Power Dependent Van Der Waals Interaction in Cold Atom Reflection
A.M. Guzmdn*, G. Estrada®
'College of Optics and Photonics, University of Central Florida, USA
*Physics Department, Florida Atlantic University, USA

The role of Casimir forces in the fabrication and performance of micro- and nano-devices has
motivated renewed interest on the realization of more precise experiments on ultracold atom
reflection by evanescent wave (EW) mirrors [1], than those originally performed in the earlier days
of the BEC [2]. The recent results confirm a discrepancy between the measured dependence of the
barrier height on the EW power and theoretical predictions obtained from a non-retarded van der
Waals-like potential, a retarded potential and the full QED potential [1]. This discrepancy increases
with the EW power. In these experiments the reflection potential is considered to be the sum of the
optical potential and the Casimir (atom-wall) interaction potential. However, the Casimir force was
originally evaluated for ground-state atoms immersed in the electromagnetic vacuum. The only
quantum states of the field involved in the calculation where the vacuum state and virtual one-
photon states. We show that a calculation of the van der Waals potential for an atom in the presence
of an EW leads to a power-dependent potential [3], which yields the linear behavior observed
experimentally for the barrier height as a function of the EW power.

[1] H. Bender, Ph.W. Courteille, C. Marzok, C. Zimmermann, and S. Slama, PRL 104, 083201
(2010).

[2] A. Landragin, J.-Y. Courtois, G. Labeyrie, N. Vansteenkiste, C. I. Westbrook, and A. Aspect,
PRL 77, 1464-1467 (1996).

[3] A. M. Guzman, Proc. SPIE, Vol 5622, p. 348-353, (2004).



OS. MeToa 3JIEKTPOHHOT0 MAPAMATHUTHOI0 PE30HAHCA NMPH UCCITOBAHUN MATEPHAJIOB /LIS
kBaHTOBO¥ d1ekTpoHukH (YAG, YLUAG, YAP, YLUAP, PbGa,S,)
I'P. Acampasn, I1.I'. bapanos
Yupexnaenue Poccuiickoit akagemun Hayk Ousnko-TexHuueckuii ”HCTUTYT uM. A.D. Modpde PAH,
Poccus

B pabore mnpuBemeHbl pe3ynbTaThl MCCICIOBAHUS METOJIOM JJEKTPOHHOTO IapaMarHUTHOTO
pezonanca (JIIP) na3zepHbIX MarepuaJoB U CHUHTWUIITOPOB: MOHOKPUCTAJJIOB TI'DaHATOB
Y3AI5012:Dy3+, Y3AI5012:Er3+, CMEIIAaHHBIX TPAaHATOB (Yl.XLuX)gAlsOlz:Er3+, OpPTOAIIOMUHATOB
uttpus YAIlOs: Er3+, Tm3+, Nd®** u CeS+, CMEIIAHHBIX WUTTPUN JIFOTEUMEBBIX OPTOATFOMHUHATOB
Y1xLUxAlO; ¢ mnpumecblo HOHOB Ce* u Ttmoramnara ceuHma PbGayS,, akTMBHPOBaHHBIX
PEAKO3EMENIbHBIMU AJIEMEHTAMU Dy3+, Nd** u Ce*'. Metomom DIIP noHsl Er3+, Tm3+, Nd>* u Ce* B
OpTOAFOMHUHATax OOHAPYKEHBI U MCCJIEA0BaHbI BiepBbie. BriepBrie 00HAPYKEHBI U UCCIIEIOBAHBI
TaK)X€ HOHBI Dy3+, Nd*™ u Ce* B MOHOKpHUCTAJIJIaX THOrajiata cBuHUA. HaiineHsl riiaBHbBIE
3HAYCHHS (J—TCH30pa U KOHCTAHThI CBEPXTOHKOTO B3aUMOJCHCTBUS I HEYETHBIX M3OTOIOB IS
Dy3+, Nd3+, Er3+, ™Tm* B HUCCIICIOBAHHBIX COCNMHEHUSIX. B  CIO0KHBIX KOMIIO3HUITHOHHO-
HeynopsiioueHHbIX coenuHeHus X YLuAG u YLuAP oGHapyskeH psii HOBBIX, 11O cpaBHEeHUIO ¢ YAG
n YAP, mapamMarHuTHbIX LEHTPOB Er** u Ce¥, OOyCIIOBJIEHHBIX W3MEHEHHUEM CHUMMETPUU U
BEJIMYMHBI KPUCTALTMYCCKOTO TOJIA MPH H30MOP(HBIX 3aMEIICHUSIX Y na L B UTTPHUCBOU
MOAPEIETKE TUX MATEPUATIOB. Y CTAaHOBJIEHA MPUPOJA U PACCUUTAHBI BEPOSITHOCTU OOpa30BaHUs
HOBBIX [MAPAaMAarHUTHBIX I[IEHTPOB, MPHUBOJAIIMX K YIIUPEHUIO CHEKTPAIbHBIX JIMHUU.
[Ipoananu3upoBaHbl BO3MOXKHBIE MEXaHU3MBI 3apsAIOBOM KOMIIEHCAIMU TIPU TE€TEPOBAIICHTHBIX
samemenusix Pb?* na P3% B MOHOKpPHUCTaJJIaX THOTaJJIaTa CBUHIIA.



06. Generation of Mesoscopic Entangled States in a Cavity Coupled to an Atomic Ensemble
Gor Nikoghosyan
University of Ulm, Germany
Institute for Physical Research, NAS of Armenia, Armenia

In my talk I will discuss the interaction of two quantized cavity modes and a classical pump field
with an atomic ensemble of six level atoms. | will show that due to the quantum interference the
Raman emission of the photons in our system is quantum state selective. The photons in our scheme
can be emitted in either mode of the system but simultaneous creation of the photons in both modes
is forbidden. This unitary process leads to a superposition state generation with mesoscopic number
of photons either in one or another mode. We also propose an efficient method to produce photonic
or atomic NOON states.



O7. Nonlinear Quantum Reflection of a Bose-condensate by a Step Potential
H.A. Ishkhanyan®?, A.M. Manukyan®, A.M. Ishkhanyan®
YInstitute for Physical Research, NAS of Armenia, Armenia
“Moscow Institute of Physics and Technology, Russia

We analyze the matter wave transmission across a step potential within the cubic-nonlinear
Schrodinger equation. We present a comprehensive analysis of the corresponding stationary
problem based on an exact second order nonlinear differential equation for the probability density.
The exact solution of the problem in terms of the Jacobi elliptic sn-function is presented and
analyzed. Qualitatively distinct types of wave propagation picture known before are classified
depending on the input parameters of the system. Analyzing the 2D-space of involved
dimensionless parameters, the nonlinearity and the reflecting potential's height/depth given in the
units of the chemical potential, we show that the region of the parameters that does not support
finite solutions is given by an advanced closed curve defined by a parabola and two lines. We show
that this results from a specific singular point induced by the nonlinearity. In the parameter space,
this singular point plays a role of a bifurcation point that causes a jump from one evolution scenario
to another possible one. The position of this point as well as the solutions of the problem for all the
relevant regions of the involved parameters are explicitly determined and the peculiarities of the
evolution scenarios (oscillatory, non-oscillatory, diverging) are described and analyzed in detail.



08. Quantum Repeaters based on Deterministic Storage of a Single Photon in distant Atomic
Ensembles
Yuri Malakyan
Institute for Physical Research, NAS of Armenia, Armenia

Quantum repeaters hold the promise to prevent the photon losses in communication channels. Most
recently, the serious efforts have been applied to achieve scalable distribution of entanglement over
long distances. However, the probabilistic nature of entanglement generation and realistic quantum
memory storage times make the implementation of quantum repeaters an outstanding experimental
challenge. We propose a quantum repeater protocol based on the deterministic storage of a single
photon in atomic ensembles confined in distant high-finesse cavities and show that this system is
capable of distributing the entanglement over long distances with much higher rate as compared to
previous protocols, thereby alleviating the limitations on the quantum memory lifetime by several
orders of magnitude. Our scheme is robust with respect to phase fluctuations in quantum channel,
while the fidelity imperfection is fixed and negligibly small at each step of entanglement swapping.



09. Quantum Logical Gate SWAP in Three- and Four- Level Cold Atomic Ensemble
A. Gogyan, Yu. Malakyan
Institute for Physical Research, NAS of Armenia, Armenia

The building blocks for realization of quantum information processing are quantum logical gates.
We propose a new method for implementation of quantum SWAP gate, which swaps two initial
qubits. The parametric interaction between two qubits at different frequencies is created by classical
laser field with constant intensity in three-level cold atomic media. This latter laser field provides
electromagnetically induced transparency conditions so that quantum fields propagate with small
group velocities and are not absorbed in the medium. We consider also the case of four-level atom,

where qubits travel in the medium with equal group velocities and the fidelity of the SWAP gate
reaches 100%.



010. Electromagnetically Induced Transparency Involving D; Line of Cs Atoms Confined in
Micrometer Thin Vapor Layer
A. Sargsyan'Y. Pashayan-Leroy?, C. Leroy?, D. Sarkisyan®, D. Slavov®, S. Cartaleva®
'Institute for Physical Research, NAS of Armenia, Armenia
*Laboratoire Interdisciplinaire Carnot de Bourgogne, Université de Bourgogne, France
*Institute of Electronics, Bulgarian Academy of Sciences, Bulgaria

The effect of electromagnetically induced transparency (EIT) in a A-system formed by Cs atoms
(6S -6P -6S) contained in extremely thin cells (ETC) (atomic column thickness vary in the range of
0.8-3 um) was studied both experimentally and theoretically (for the first time). It was found that
parameters of the EIT resonance degrade slowly in the case where the frequency of the coupling
laser is in resonance with the D, transition of Cs.

The specific features of EIT in ETC reveal themselves when the coupling laser has a frequency
detuning A from the atomic transition. In this case, the width of the EIT resonance rapidly increases
upon an increase in A at fixed L (an opposite effect takes place in centimeter-scale cells). The strong
broadening of the EIT resonance for large values of detuning A is caused by the influence of atomic
collisions with cell windows on dephasing rate of coherence.

A theoretical model taking into account the peculiarities of transmission spectra when L = n-lambda
and L=(2n+ 1)-lambda/2 (n is an integer) has been implemented (where lambda is the laser
radiation wavelength 852 nm which is resonant with the Cs D, line). The experimental transmission
spectra are well described by the developed theoretical model.

Although the main characteristic of the EIT in the Cs vapor and Rb vapor [1-3] are similar,
however there are some differences. Particularly, the EIT in the Cs vapor at the same thickness L is
somewhat narrower (by 20%) than that in the Rb vapor. This could be caused by smaller Doppler
width in the case of Cs vapor.

[1] A. Sargsyan, D. Sarkisyan, A. Papoyan, Phys. Rev. A 73, 033803 (2006).

[2] Y. Pashayan-Leroy, C. Leroy, A Sargsyan, A. Papoyan, D. Sarkisyan, J. of Opt. Soc. of Am. B,
24, 1829 (2007).

[3] A.Sargsyan, Y. Pashayan-Leroy, C. Leroy, R.Mirzoyan, A.Papoyan, D. Sarkisyan Applied
Physics B. Lasers and Optics, DOI 10.1007/s00340-011-4614-0 (2011).
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O11. Study of Forbidden Atomic Transitions on D Line Using Rb Nano-cell Placed in
External Magnetic Field
G. Hakhumyan'?, R. Mirzoyan', C. Leroy?, Y. Pashayan-Leroy?, D. Sarkisyan*
"Institute for Physical Research, NAS of Armenia, Armenia
*Laboratoire Interdisciplinaire Carnot de Bourgogne, Université de Bourgogne, France

Our theoretical calculations predict that for magnetic field B > 300 G there is expected a strong
increase of the probability of the following “forbidden” atomic transitions for n- laser radiation
polarization with configuration (B || E), where E is the electric field of the radiation polarization and
B is the magnetic field.

)] 'Rb, D line, Fg=1, mg =0 — Fe = 1, mg = 0 (this is “forbidden” transition when B = 0)

ii) ®Rb, D, line Fy=1, mg=0 — F¢ =1, me=0 and Fy = 2, m¢=0 — Fe = 2, mg= 0 (these are

two “forbidden” transitions when B = 0)
iii) ®’Rb, D; line Fy = 1 — F, = 3 (here we have three “forbidden” transitions when B = 0).

We have implemented the so-called A-Zeeman technique (LZT) and half-lambda Zeeman technique
(HLZT) [1,2] to reveal for the first time both experimentally and theoretically a strong
modification of the above mentioned atomic transitions probabilities and the frequency shift
in an external magnetic field B > 300 G. For these studies we used nano-cell filled with Rb.

Obtained experimental results are well described by the developed theoretical model.

Research conducted in the scope of the International Associated Laboratory IRMAS.

[1] D. Sarkisyan, A. Papoyan, “Optical processes in micro- and nanometric thin cells containing
atomic vapor”, (Horizons in World Physics, vol.263), Ed.: R. Drampyan, Nova Science
Publishers, ISBN: 978-1-60741-025-6, Ch.3, pp.85-124 (2009).

[2] G. Hakhumyan, C. Leroy, Y. Pashayan-Leroy, D. Sarkisyan, M. Auzinsh, Optics Commun.,
284, 4007-4012 (2011).
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0O12. Distinguishing Characteristics of Optical Cooling Effect on Doped Ferroelectrics
Vahan Babajanyan
Institute for Physical Research, NAS of Armenia, Armenia

[IpobnemMa na3epHOro OXJaXKACHHS TBEPABIX TEJ, OCHOBAaHHAS HA OCYIIECTBICHUU PEKUMa aHTH-
CTOKCOBOM JTIOMUHECLICHIINH, MIPEACTABIISIET B MOCIEAHUE TO/Ibl MOBBIIEHHBI HHTEPEC HE TOJIBKO
B CBS3UM C YHCTO HAyYHBIMH HMHTEpECaMHd B OO0JACTH CIIEKTPOCKOIIHMH, JIa3epHOW (UHKU H
TeII0(U3UKY TPUMECHBIX TBEPIBIX CPEl, a TAKXKe OJIaroaapss JOCTUTHYTHIM MPAKTHYECKH BaKHBIM
pe3yJbTaTaMyd B HANPABJICHUU CO3JaHUS ONTHYECKUX XOJOAWIBHUKOB, JHUIIEHHBIX BCSIKHX
MOJIBIDKHBIX YacTeld W BHOpAIMid, OXJIaXKIAIONINX KUAKOCTEH U Ta30B, SJICKTPHUECKUX HABOJOK U
T.m. OCHOBHBIE YCWUJIMSI HCCIIENOBaTelei BO BCEM MHPE COCPEAOTOYEHBbI Ha MCCIEAOBAHUSIIX
JIETUPOBAHHBIX PEIKO3EMETbHBIMA MOHAMU HU3KO(OHOHHBIX KPUCTAUIOB U CTEKOJ, TaK KaK OHU
MO3BOJISIIOT JOCTUYL PEKOPIAHO HU3KHE JIJIS TBEPIOTEIBHBIX PEhPUIKEPATOPOB TEMIIEPATYPHI (HIKE
100 K).

B Hacrosmeit paboTe Ha OCHOBE JCTANBHBIX CHEKTPOCKOMUYECKHUX MCCIEIOBAaHUN KpHUCTaslia
LiNbO3:Yb®* omenena ero mepcrekTHBHOCTH Uist BBIIICYKA3aHHBIX MPUMEHEHUI. 3aperucrpu-
POBaHHBIE CHEKTPHI MOJSIPU30BAHHOTO TOTJIOMICHUS W JIFOMUHECIICHIIMU TTO3BOJIUIN OCYIIECTBUTD
Ha 5TOM MarepHualie IpU KOMHATHBIX TeMIlepaTypax pexuM aHTU-CTOKCOBOWM JTIOMUHECIICHIIMH
BOmM3u 980 HM mpu ONTHYECKOM BO30OYKICHHHM Ha JUIMHE BOJHBI 1064 HM. DTH HCCIEIOBaHUS
MOKa3zanu, 4YTo s peanu3zauud dPdekra ONTHYECKOrO OXJIKIACHHUS Haumbosiee BBITOJHO
WCIIOJIB30BaTh TMOJSPHU3AIMI0 BO30YXKIAIOMIET0 W3IYYEHHUS, MapaUICTbHYI0 ONTHYECKON OCH
Kpuctaia (n-nonspusaius). OnpeneneHa crekTpaibHas 3aBUCUMOCTh 3()(PEKTUBHOCTH ONTHYEC-
KOT'0 OXJIKJICHUSI MCCIETyeMOr0 KPUCTAJUIa OT JJIMHBI BOJHBI JIA3€PHOTO BO30YXKJIECHUSI, OLICHEHA
MUHUMAJIBHO JOCTHXKHMMAs TeMIleparypa oxyaxaeHus. OTMEUYEeHO, YTO XOTS U OKCHJHAs MaTpHla
HCCIIEAYEMOTr0 KpPUCTAUIa HE NPUHAICKHUT K Py HU3KO(DOHOHHBIX TBEPIBIX TEI M HA HEH
HEBO3MOJKHO IMOJIYYEHHE PEKOP/IHO HU3KUX TEMIIEPATYP, OJHAKO OHA MPEACTABIISIET ONPEAeIEHHBIN
WHTEpEC IJIs pealiu3allii TBEPAOTEIBHBIX pePprKkepaTopoB, padoTarOMKUX B 00JaCTH TEMIEPATyp
OT KOMHATHBIX 10 mopsnaka —-50°C, Tak Kak 3/1eCh KpHCTasll LiNbOgZYb3+ Oyner umeTh Oomee
BBICOKYIO 3((EKTUBHOCTBHIO, Y€M HU3KO(POHOHHBIE (PTOPHUAHBIE WIM XJIOPUIHBIE JIETMPOBAaHHbBIE
cpenbl. KpoMe 3TOro, CerHeTORIEKTPUUECKUE CBOMCTBA MATPHUILIbl TTO3BOJISIT BMECTO TPOMO3JAKUX U
CJIOKHBIX OINTHYECKUX METOJOB HM3MEPEHHUs TEeMIEepaTypbl HCIOIb30BaTh MPUCYIIHH UM THPO-
aneKkTpudeckuit 23PpPexT A e€ onepaTuBHOrO KOHTPOJIS.
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013. Time-resolved Luminescence Spectroscopy of YAG:Er®*-Ce** Crystal
V.G. Babajanyan, R.B. Kostanyan, P.H. Muzhikyan, A.G. Petrosyan, D.G. Zargaryan
Institute for Physical Research, NAS of Armenia, Armenia

B cBsI3u ¢ mpakTUYECKH BaXKHBIMU MPHUMEHEHHSIMHU JIA3EPHOTO W3ITyYCHHS BOJM3U JUTMHBI BOJHBI
1.5 mxM, mpoGrnema mnoBbimeHUs 3()(HEKTUBHOCTH PAaOOTHI COOTBETCTBYIOIIMX AKTHBHBIX CpeX
MPEJICTaBIsIeT HECOMHEHHBIN nHTepec. OTHUM M3 MEePCIIEKTUBHBIX METOMIOB YIIYYIICHUS BBIXOIHBIX
XapaKTePUCTHK aKTUBHUPOBAHHBIX KPUCTAIJIOB ABJISETCS UCIOIb30BaHUE dPPeKTa CeHCHONIM3aun
pabounx mpuMecell COOTBETCTBYIOIIMMHU JOHOPHBIMH HMOHAMH C IIEJIBIO IMOBBIIICHUS HCIOJIB30-
BaHUS SHEPrUM ONTHYECKOTO BO30YKICHHS B KOHKPETHOW MaTpuie. TakuMm yaayHbBIM CEHCHOU-
JIU3aTOPOM ISl PaOOYMX MOHOB Er¥ s Matpuiie YAG-a sSBIAIOTCS HOHBI ce*, KOTOpBIE Onarogaps
JHIIOJIbHO-PAa3pEIEHHBIM MEXKOH(UTYPAIMOHHBIM MEPEX0aM MEXAY CBOMMHU SHEPreTUYECKUMHU
YPOBHSIMH, TPOSIBISIOT WHTCHCHUBHBIC IOJIOCHI MOTIONICHUS U d()(EKTUBHBIC KaHAJbI Mepenadn
SHEPTUU ONTHUYECKOTO BO30OYXIeHHS pabouuM HOHAM. OTO MPHUBOAUT K CYIIECTBEHHOMY
MOBBIICHUIO 3()(HEKTUBHOCTH UCIIOIB30BaHUS SHEPTUU ONTHUYECKOTO BO30YXICHUS BOIHM3H JITUHBI

BOJIHBI 460 HM ans peanus3aluu TIeHepaluuu BOJIM3M JUIMHBI BOJHBI 1.55 MKM Ha Kpuctaiie
YAG:Er**-Ce*,

Hamwm npeapiayniye uccneaoBanus Kacaluch 0COOCHHOCTEH U BIUSAHUS IPUMECHBIX HOHOB Ce* na
CHEKTPaJIbHbIE XAPAKTEPUCTUKU JIOMHHECLICHIIMM HOHOB Er¥ B KpHUCTajuie YAG:Er*-Ce**. B
HacTofAlel paboTe MpPHUBEACHBI pe3yNbTaThl MCCIEAOBAHUN KHHETUYECKHX XapaKTEPUCTHK
JIOMUHECIIEHTHBIX  OTKJIMKOB Ha KOPOTKHE OINTUYECKHE HMMIIYJIbChl, COOTBETCTBYIOIINE
BO30Y)KICHUIO Pa3jMYHbIX MOHOB B MPUMECHOW MOJCHUCTEME 3TOro marepuana. MccriemoBanuch
BpEMEHa BO3TOpaHMs, paclaja U BpPEMEHHas 3a/epXKKa TMUKa JIOMHHECIICHIIMH OTHOCUTEIHHO
MOMEHTa BBIKJIIOUEHHUS BO30YXJAIOIIEro HMIYJIbca, U3ydainach (opma (poHTa BO3rOpaHUs U
pacmazga 3THX CUTHajIoB. B KauecTBe MCTOYHUKOB BO30YXKIACHHUS HCIIOIB30BAIUCH HW3IIYUYCHHS
HMMITYJIbCHBIX J1a3€pOB Ha JJMHax BOJH 446, 457, 532, 808 u 980 Hwm.

CpaBHEHHME TMOJYYEHHBIX JKCIEPUMEHTAJIbHBIX pE3yJbTaTOB C TEOPETHUYECKUMHU OLIEHKaMHU,
MOJTYYEHHBIMH Ha OCHOBE YHCIICHHBIX PEHICHUN CUCTEMBbl KUHETUYECKUX YpPaBHEHUH, BBISIBUIIN
yIIOBJIETBOPUTEIHHOE COTJIACHE, CBUACTEILCTBYIOIIEE 00 a/IeKBATHOCTH UCIOIb30BaHHBIX B paboTe
MOJIEJIeH, OTMHUCHIBAIOIINX TMPOIECCHI MEPEepPaCcCIpeIeNICHUs] YHEPTUNU ONTHUYECKOTO BO3OYXKICHUS B
MIPUMECHOM MOJICUCTEME UCCIIEAYyEeMOro MaTepurana.
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0O14. Photon—photon Interaction in Structured QED Vacuum
G.Yu. Kryuchkyan'*?, K.Z. Hatsagortsyan®
'Max Planck Institute for Nuclear Physics, Heidelberg, Germany
2yerevan State University, Yerevan, Armenia
3Institute for Physical Research, NAS of Armenia, Armenia

Currently, there is a rapid development in high-intensity laser technology through European
research infrastructure — Extreme Light Infrastructure — that will make nonlinear quantum
electro-dynamical (QED) vacuum effects accessible. In this report, in accordance with this
achievement, we develop a new method for enhancement of vacuum polarization effects in strong
fields employing periodically-structured field configurations, in particular, realized via parallel
focused laser beams. In spatially modulated strong fields, vacuum acts like a nonlinear Kerr media
with modulated third-order susceptibility. In the result, coherence effects arising in spatially
structured vacuum that are associated with Bragg interference can enhance the vacuum polarization
by a factor proportional to the square of the number of modulation periods within the interaction
region. We investigate these coherence effects in photon—photon interaction (Kerr interaction)
considering two channels of scattering of probe laser beam on the parallel focused lasers. Both
processes of elastic and inelastic four wave-mixing in structured QED vacuum accompanied with
the Bragg interference are investigated. In the case of the elastic scattering of photons, when the
frequencies of probe wave w, and scattered wave o, are the same, the phase-matching condition is

met k,=k,+q, where q is the vector of the lattice. While, for inelastic light scattering with
absorption or emission of additional laser photons i.e. for the processes: w;=w,+2wy,
w=w,~2w|, the phase-matching condition is accordingly modified k; =k, +2k; +q . We assume

the parallel laser beams are elliptic Gaussian to allow for a large overlap with the probe beam and
simultaneously to fulfill the Bragg condition. Calculating the probabilities of light-by-light
scattering, we analyze limitations imposed on the impinge angle, monochromaticity and the
divergence of the scattering wave to achieve maximal enhancement effect. The feasibility of
experimental realization of light-by-light scattering in configuration of parallel focused lasers with
parameters envisaged in the future Extreme Light Infrastructure is also demonstrated.
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0O15. Coulomb Focusing at Above-threshold lonization in Mid-infrared Strong Laser Fields
K.Z. Hatsagortsyan, C. Liu
Max Planck Institute for Nuclear Physics, Heidelberg, Germany

Strong laser fields in a mid-infrared domain are becoming accessible due to recent advancement of
optical parametric chirped pulse amplification which renewed the interest to the classical regime of the
strong field processes with mid-infrared lasers. Recent experiments on the photoionization of atoms and
molecules in strong mid-infrared laser fields reveal a characteristic spike-like low energy structure
(LES) in the energy distribution of electrons emitted along the laser polarization direction. Employing a
semiclassical model which incorporates nonperturbatively the Coulomb field effects, we identified the
origin of the LES. Multiple rescattering of the ionized electron plays a decisive non-perturbative role.
The transverse momentum change of the electron due to multiple forward scattering (FS) is shown to
distort the electron phase space in such a way to create peaks at low electron energies. The Coulomb
focusing is usually expected to decrease with increase in the laser intensity and wavelength. In this
context, it was surprising that at large wavelengths of the mid-infrared laser field, the multiple FS
played a decisive role for the creation of the LES.

We investigate how the contribution of different components of Coulomb focusing depends on laser
intensity and wavelength. It is shown that the high-order FS can have a nonperturbative effect in
Coulomb focusing. In some regions of ionization phase (photoelectron energy), the contribution of the
higher-order FS to the total Coulomb focusing can dominate the lower-order one which creates local
peaks in the photoelectron spectra. The effective number of rescattering events is shown to depend
weakly on laser intensity and wavelength within the classical regime of interaction.

We have investigated also the role of multiple FS in a laser field of elliptical polarization. The yield of
photoionization along the main axis of the polarization ellipse (scaled by the photoionization yield in a
field of linear polarization) is shown to behave differently in the region of low-and high-energies. The
effect is explained by the dominance of the multiple FS and the single FS in the low-and high-energy
domain, respectively.
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0O16. Production of Fock States in Pulsed Anharmonic Oscillators
T.V. Gevorgyan®, A.R. Shahinyan®, G.Yu. Kryuchkyan'?
YInstitute for Physical Research, NAS of Armenia, Armenia
2yerevan State University, Yerevan, Armenia

It has been a longstanding goal in quantum optics to realize controllable sources generating
quantum oscillatory states, particularly, number or Fock states. The preparation and use of such
states forms the basis of quantum computation and communications. The direct preparation of
oscillatory states is the difficult problem that is associated with the fact that classical excitations
applied to an oscillatory system usually generate a coherent state, nearly indistinguishable from a
classical state, but not quantum state. As it is proposed theoretically and demonstrated
experimentally, the preparation of oscillatory Fock states, in that number, photonic states in optical
cavities and the motional states of trapped and laser cooled ions is easily realized in interaction of
oscillatory mode with atomic systems. In this case, quantum states are created under classical pulse
applied to the atomic systems and then subsequently are transferred to the oscillatory mode.

In this report, we show that oscillatory Fock states can be created for an anharmonic oscillator
without any interactions with atomic systems and in the presence of decoherence. For this goal we
consider anharmonic dissipative oscillator under sequence of classical Gaussian pulses separated by
time intervals. It is demonstrated that creation of Fock states can be realized in this system with
complete consideration of decoherence effects and in the regime of strong Kerr nonlinearity when
the number oscillatory states are well resolved. For this goal tuning transitions between vacuum

state |0) and the number states|n), (n=1, 2, 3, ...), we demonstrate production of Fock states for
definite time intervals in dependence of the system’s parameters. As the system is more
complicated to be solved analytically we use numerical methods. Investigation of the system allows
finding the regimes when Fock states can be created with high fidelity. However, the system control
does not allow generating any Fock state approved by anharmonic oscillator nature.
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0O17. Non-Markovian Quantum Dynamics to Control Decoherence: an Ancillary Qubit Can
Help Increase the Fidelity of a Two-qubit Gate
Angela M. Guzmdn
College of Optics and Photonics, University of Central Florida, USA

Quantum computing has been confronted by decoherence as the main obstacle to the achievement
of entanglement of qubits and quantum operations with high fidelity. Markovian quantum dynamics
leads always to decoherence, but the presence of active environments can give rise to a special class
of controllable non-Markovian processes that might be used to mitigate the effects of decoherence.

Controlled collisions between cold atoms trapped in spin-dependent optical lattices were proposed
more than a decade ago as a means to implement a two-qubit quantum phase-gate, a basic and
universal building block for the construction of more complex quantum information processing
systems with neutral atoms in optical lattices. The corresponding experimental demonstration has
however been elusive and will rely not only on the ability to manipulate the atoms in an efficient
and controlled way, but also on an accurate theoretical description of the interactions and the type
of collision leading to the expected output.

Former theoretical models are based on a decoherence-free s-scattering description of the atomic
collision. Due to the presence of the optical lattice, the atomic collision is in fact ruled by the
dipole-dipole interaction. The quantum dipole-dipole interaction is mediated by the electromagnetic
vacuum, which acts as a reservoir opening an infinite number of channels for transitions out of the
two-qubit state space during gate operation and reducing strongly its fidelity. From this perspective,
the electromagnetic interaction while being essential for the gate operation, constitutes a more
serious drawback to quantum information processing with neutral atoms than does memory
decoherence.

We consider three neutral atoms trapped in neighboring sites of a 1D spin-dependent optical lattice
generated by two counter-propagating laser beams. The interatomic distance can be controlled by
changing the polarization of the lasers, allowing for perfectly controlled atomic collisions that
introduce different phase shifts to different initial vibrational states of the atoms, the results being a
controllable phase gate. One of the atoms acts as an ancillary qubit, while the other two constitute a
two-qubit phase gate.

The non-Hernmitian part of the effective quantum dipole-dipole interaction between two atoms in
an optical lattice results in a non-Markovian space-modulated rate, which depends on the
interatomic distance and is not always positive, implying transitions from and back to the two-qubit
state space. Therefore, by introducing a third ancillary qubit, we can theoretically balance the
decoherence effects of the environment and achieve full fidelity of the two-qubit gate operation.

We find a specific value for the closest atomic distance needed to achieve strong suppression of the
decoherence due to gate operation. For this “resonance like” condition, the fidelity of the two-qubit
gate with the attached third ancillary qubit is close to unity. We conclude that basic building blocks
of neutral atom quantum computers should consist of at least three atoms in order to achieve high
fidelity operation.
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018. Magneto-absorption in Ellipsoidal Quantum Dots
K.G. Dvoyan', V.V. Evoyan’, E.M. Kazaryan®, R.G. Nazmitdinov*®, H.A. Sarkisyan*
'Russian-Armenian (Slavonic) University, Armenia
2Department de Fisica, Universitat de les Illes Balears, Spain
*Joint Institute for Nuclear Research, Russia
“Yerevan State University, Armenia

We analyze the absorption of light in elliptical quantum dots in the presence of the perpendicular
magnetic field. Using the effective mass approximation, the confining potential of the quantum dot
is considered in the form

3 2 _2
Vconf (X1 Y, Z) = z lua)é a ) (1)
i=1

where u is the effective mass of an electron (hole), @, is the confining frequency for

corresponding coordinate x;. The interband optical transitions are studied first within the
perturbation approach for weak magnetic fields. The same transitions are discussed for arbitrary
values of the magnetic field within the analytically solvable model of elliptical quantum dot with N

N
electrons [1], described by the Hamiltonian H = Z H, (i) ,where a single-particle Hamiltonian is
i=1

H, =hQ, (414, +1/2)+hQ_(&'a +1/2). )
Here &' (&) isa creation (annihilation) operator and
1 2 eB
Q= E(a)x2 +, +4a)f)ir\/(a)x2 —(05) +8a) (a)x2 —a);)+16a)[1 , (WL :2_,ucj (3)

The absorption coefficient of the quantum dot is calculated — as well as threshold frequency — as
a function of the applied magnetic field. The selection rules for the interband transitions are found.
Theoretical results obtained in the exactly solvable model demonstrate a good agreement with
experimental data produced with the aid of the magneto-luminescence method in Ings3Gag47AS
quantum dot [2].

We also discuss the excitonic effects in the perturbation approach, similar to the case of the
rectangular confining potential [3].

[1] R.G. Nazmitdinov, Phys. Part. Nucl., v.40, 71 (2009).

[2] M. Bayer et al, Phys. Rev. B, v.53, 5604 (1996).

[3] A.K. Atayan, E.M. Kazaryan, A.V. Meliksetyan, H.A. Sarkisyan, Eur. Phys. Journ. B, v.63, 485
(2008).
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019. Extracting Work from Microcanonical Bath: Entropy-Information Relation Revisited
Armen E. Allahverdyan'?, Karen V. Hovhannisyan®
A.l. Alikhanyan National Laboratory (Yerevan Physics Institute), Armenia
?Laboratoire de Physique Statistique et Systemes Complexes, ISMANS, France

It is known that statistical physics provides the fundamental relation between entropy and the
pragmatic information: the von Neumann entropy S[p] for a quantum system described by a
density matrix o determines (via the free energy formula) the maximal work (useful energy) that
can be extracted from this system in contact with an equilibrium thermal bath. This relation is the
basis for information-driven engines (Szilard's engine, Maxwell's demon) that extract work not via
initially stored energy, but rather via initially stored information.

Here we show that this well-known relation between entropy and information is restricted to the
canonical thermal bath only. For a microcanonical bath — which is arguably more fundamental
concept of equilibrium — the form of the entropy-information relation should be revised by
changing there the von Neumann entropy to the newly introduced linear entropy. In addition, for the
microcanonical bath the very concept of relating the entropy to information (together with the free
energy concept) gets limited for sufficiently low bath temperatures, because a system — starting
from the canonical state p, at the bath temperature T — can enhance the work extracted from the

microcanonical bath without changing its state p; .
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020. Surface Plasmon Radiation Damping Rate in the Metallic Nanosphere Interacting with
Interface
K. Madoyan®, A. Melikyan®, H. Minassian®
'Russian-Armenian (Slavonic) University, Armenia
?A.1. Alikhanyan National Laboratory (Yerevan Physics Institute), Armenia

Metallic nanoparticles (MNP), especially noble metal particles demonstrate narrow optical
resonances due to the surface plasmon (SP) oscillations. Depending on dielectric permittivity of the
matrix and metal as well as the shape of MNP, the resonance frequency noticeably shifts, which
makes them very perspective for biophysical applications. From this point of view the MNP near
the interface is of special interest because of strong dependence of the SP frequencies on
particle-interface separation [1-4]. This interest is conditioned by the possibility of using them in
biosensing and labeling of macromolecules and using them as “nanorulers” for measuring distances
in nanoscale.

It is clear that high enough spectral sensitivity of optical devices based on MNPs can be achieved
only in case of sufficiently narrow resonances. In the biophysical applications the MNPs with the
radii R > 40 nm are commonly used where the radiation damping rate (RDR), being proportional to

R® [5] is a dominant relaxation mechanism. Consequently the problem of calculating the RDR in
nanosphere near the interface becomes important. The resonance frequencies of MNP near the
interface and RDR are determined numerically in [1]. However the developed method does not
provide adequate description of the experimental data for the most important case of small
separations.

It was proved recently that coupled nanospheres and the system “nanosphere near the interface” can
be described analytically with good accuracy using the eliminated quadrupole moment
approximation (EQMA) and its improved version [2]. In this communication we develop analytical
approach to the theory of radiation damping of SP oscillations in nanosphere near the interface
based on improved EQMA. Improvement of the accuracy of SP frequency calculation for smaller
particle—interface separation is achieved by substituting the electric field of the nanosphere by the
field of a dipole with finite arm chosen in a special way. By applying the electrostatic imaging
method the boundary problem is transformed to the case of two interacting nanospheres described
by the set of three equations. This set allows to determine the position and the arm of the dipole as
well as the sought SP resonant frequencies as a function of the particle-interface separation. Using
these data the RDR of the system is calculated in the frame of method developed in [4] for coupled
spheres. It is shown that for the nanosphere and its image the superradiance effect does not take
place and consequently RDR is of the same order of magnitude as for an isolated sphere.

It is shown that decrease of the RDR with decrease of particle—interface separation is conditioned
not only by the SP frequency redshift, but also by the relation between the dielectric constants of
adjacent media. For the particle-interface gap values as small as 0.03 of the sphere diameter the
RDR can decrease by 30—40%.

It is proved that the range of applicability of the obtained analytical results is wider than those of
[3,4] as well as of known numerical results [1].

[1] Du, C.L.; You, Y.M.; Johnson, K.; Hu, H.L.; Zhang, X.J.; Shen, Z.X. Plasmonics 2010, 5,105.

[2] Chergui, M.; Melikyan, A.; Minassian, H. J. Phys. Chem. C, 2009 113, 6463.

[3] Makaryan, T. Physica E, 2010 43 (1), 134.

[4] Madoyan, K.; Melikyan, A.; Minassian H. The 5" International Conference on Surface Plasmon
Photonics. May 15-20, 2011, Busan, Korea. Abstracts, v. 1, Oral Papers,p.28,

[5] Melikyan A.; Minassian H. Appl. Phys. B, 2004 , 78(3-4), 455.
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P1-1. Effect of a Subwavelength Layer on All-optical Diode Action in 1D Photonic Crystal
K. Jamshidi-Ghaleh', Z. Safari?, R. Abdi-Ghaleh®, Z. Bahmei?, H. Lotfi?
!Azarbaijan University of Tarbiat Moallem, Tabriz, Iran
2University of Bonab, Iran

It has been reported that introducing of a positive or negative-refractive index subwavelength layer
in the 1D photonic crystal (1DPC) structure significantly affects the bistability threshold [1-2]. The
difference in bistability thresholds creates favorable condition for unidirectional propagation so that
1DPC structure can be used as All-Optical Diode (AOD) [3]. It is expected that such a thin film in
an asymmetric 1DPC structure will modify the AOD action by the structure. In this paper, we
consider a subwavelength layer of conventional positive-index material in the nonlinear 1DPC and
investigate the effect of its thickness on AOD action. We have used an asymmetric multilayer stack
of (BA)’(AB)’C(AABB)°, where A and B denote the alternative layers and C represents the

subwavelength layer. A is a Kerr-type nonlinear medium with optical parameters of n, =1.55 and
2, =2.5x10"° cm?/MW (9—BCMU) and B is a linear dielectric media with n, =2.3 and y, ~0 (TiO,).

The quarter wavelength condition of optical thickness in both of A and B are applied in the
numerical calculation. By using of the well-known transfer matrix method one can find the
transmittance spectrum of the structure.

The electric-field intensity distribution in the structure from left to right and right to left is non-
symmetric. The resonant peak of the transmission spectrum for different thickness of the
subwavelength layer is also obtained. It is found that with increasing of the thin layer thickness the
linear defect mode shifts to lower frequency which influences the threshold of optical bistability [4].

Left-to-right right-to-Left

Transmission coefficient
Transmission coefficient

L 1 L | L | L | 1
0 50 100 150 200 250 300 00 50 100 150 200 250 300

Incident intensity Incident intensity

Fig. 1. Fig. 2.

Figs. 1 and 2 show the AOD performance of structure under study for different subwavelength layer
thickness of (green; d.=0, red; d.=\/32, blue; d,=A/12 and black; d.=\/8) for left-to-right and

right-to-left incidents, respectively. The incident frequency is w =0.9935w,. It is shown that AOD

action is different for various thickness of thin layer. The thin film of the subwavelength layer
introduces an additional phase shift that affects the resonate condition and weakens the electric field
intensity and the threshold of the optical bistability increases accordingly. The further results and
discussion are presented in a full paper.

[1] P. Hou, Y. Chen, J. Shi, Q. Kong, L. Ge and Q. Wang, Appl. Phys. A 91, 41-46 (2008).
[2] P. Hou, Y. Chen, J. Shi, M. Shen, X. Chen and Q. Wang, EPL, 81, 6400p1-p6 (2008).
[3] V. Grigoriev and F. Biancalana, New Journal of Physics 12 (2010) 053041.

[4] R. Wang, J. Dong and D.Y. Hing, Phys. Rev. E 55, 6301 (1997).
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P1-2. Experimental Investigation of Spectral Peculiarities of Multilayer System, Consisting of
Dye Doped Polymer Film Sandwiched between Two Cholersteric Liquid Crystal Layers

T.K. Dadalyan', R.B. Alaverdyan
Yerevan State University, Armenia

The creation of compact, easy processible, low threshold and tunable optical components and laser
sources is in great demand in science and industry. One of the strategies for solving this problem are
multilayer structures consisting of laser dye-doped polymer thin films, as solid active element and
Cholesteric Liquid Crystals (CLC)-s as resonators.

In this work we have experimentally investigated optical properties of multilayered structure,
consisting of two right handed CLC with the same pitch and Rhodamine 6G doped polymethyl
metacrilate (PMMA) thin film. Particularly transmission and luminescence spectral peculiarities
and their thermal dependences for this system were studied.
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P1-3. Experimental Study of Optical Activity of Planar Chiral Structure Generated on the
Surface of Azo Polymer Film
Sohrab Ahmadi Kandjane, Mahsa Khadem Sadigh
University of Tabriz, Iran

Nowadays electron beam lithography is a technique commonly used to create 2D chiral patterns on
the surface of dielectric material. This method is very difficult and expensive. In this paper we
describe a simple experimental method for generation planar chiral patterns on the surface of azo
polymer film. It has been shown that illuminating of an azo-polymer film with a single uniform
laser beam can create the surface relief pattern on the surface of the film. This self-organized
structure formation is very sensitive to the angle of incidence for 45° polarization direction and
incidence angle 33° generation 2D chiral structure. A planar object is said to be chiral in two
dimensions if it cannot be brought into congruence with its mirror image unless it is lifted from the
plane planar. This structures consist of chiral elements the possess no line of symmetry in the plane
of structure. Based on theoretical prediction, the first experimental works on the optical properties
of planar chiral materials was carried out by Papakostas. Their experimental results demonstrated
that planar chiral structures could affect the polarization state of light in a manner similar to 3D
chiral media. In contrast to the case of 3D chirality, planar chiral materials exhibit an opposite
handedness when viewed from opposite directions. Therefore planar chiral materials should induce
opposite polarization changes for light transmitted and reflected through these structures in opposite
direction. In experimental work, we demonstrate how polymeric 2D chiral patterns can change of
polarization state of visible light transmitted and diffracted from the surface of asymmetrical
patterns.
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P1-4. Hexafluorosilicates of Amino Acids
V.V. Ghazaryan®, M. Fleck?, A.M. Petrosyan*
YInstitute of Applied Problems of Physics, NAS of Armenia, Armenia
%Institute of Mineralogy and Crystallography, University of Vienna, Austria

Salts of various amino acids (A) were objects of very intensive research in the last years. Simple
salts of singly (A*) and doubly (A*") charged cations as well as dimeric (A...A") cations with
definite anions and mixed salts with different anions are known and studied.

We have discovered a new class of salts: hexafluorosilicates of amino acids.

In this presentation we report our preliminary results on salts of various amino acids resulted in
reaction with hexafluorosilicic acid (H,SiFs). H,SiFs exists in the form of SiFs® anions and
protonated water in its crystal hydrates and even in aqueous solution [1].

Four types of simple salts have been obtained:
1) 2A*.SiFg> (the majority of salts, e.g. 2Gly*.SiFs*, 2L-His".SiF¢”, etc.),
2) A% SiF¢” (e.g. L-His?* SiFe, L-Lys**.SiFs”, L-Orn?* SiF¢?),
3) 2(A..A").SiF¢* (e.g. 2(Bet...Bet").SiFg>),
4) A".(A..A").SiFs" (e.g. L-Ala".(L-Ala...L-Ala").SiFs*.H20).

In addition to these simple salts we have obtained also some mixed salts with different anions: 2L-
His®*-2BF, -SiF¢’ -2H,0, 2L-His**-2Cl04 -SiF¢* -2H,0, anhydrous 2L-His**-2CI-SiFs’ and 2L-
His®*-2Br -SiFs", etc. as well as 2L-His**-X(1) - X(2) - SiFs* -2H,0 type salts.

Salts of optically active amino acids have noncentrosymmetric structures and can display
piezoelectric and nonlinear optical properties, while some of them having polar symmetry also
pyroelectric properties.

In addition, they can find application also in dentistry as preparations having anti-carious activity

[2].

[1] D. Mootz, E.-J. Oellers, The crystalline hydrates of hexafluorosilicic acid: a combined phase-
analytical and structural study, Z. anorg. allgem. Chem. 559, 27-39 (1988).

[2] Petrosyan A.M., Ghazaryan V.V., Fleck M., Harutunyan A.V., Andriasyan L.G., Brsikyan N.A.,
Hexafrourosilicates of amino acids having anti-caries activity, Armenian patent application
#AM?20110068 (priority: 03.06.2011).
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P1-5. AnomanbHoe ¢a3oo0pa3oBaHue B Xo/1€e nojayyeHus miénok Er,Oz; merogom
3JIEKTPOHHO-JIY4€BOT0 HANbIJICHUSA
H.P. Aeamansn®, P.K. Oscensn', E.A. KaqbaaapﬂHl, P.B. Kocmansn®, C. 1. Hempoc;ml,
r.0. l[[upumml, I'P. Ba()aﬂ;ml, AX A60yeez, ALl Aceapoe2
"MucturyT dusnueckux uccnenosanuiit HAH ApMenuu, ApMeHus
ZI/IHCTI/ITyT ¢usukn, Jlarecranckuii HayuHbId 1IeHTp PAH, Maxaukama, Poccus

MeTooM 3JEKTPOHHO-TYYEBOIO HAINbUICHUS B BaKyyMe ObUIM TIOJYyYeHBl KPHUCTATHYECKUE
mwiéHku Er,Os; Ha nmo/uioxkkax U3 cTekina, candupa, KpeMHHUS U UTTPUN-aIIOMUHUEBOrO rpaHara. B
3aBUCUMOCTH OT YCIOBUH IIOJIy4€HHs IUIEHKM KpUCTAUIM30BAIMCh B KyOMuecKoll U
IeKCarOHAJIBHOM CTpyKType. MccnenoBanuch CTIPYKTYpHBIE, ONTHYECKHE M JJICKTPUYECKUE
CBOMCTBA IIOJIYYCHHBIX IIEHOK.
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P1-6. Charge Waves in Double Doped Photochromic Lithium Niobate Crystals
R.K. Hovsepyan, A.R. Poghosyan, E.S. Vardanyan
Institute for Physical Research, NAS of Armenia, Armenia

[IpoBeneHbl SKCIEpUMEHTANBHBIE HCCIEAOBAaHUS IMPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHK
doropedpakruBHOro U (hoToXxpomMHOro 3ddexra B KpHcTaUIax HHOOATa JTUTHS JIETHPOBAHHBIX
KEJle30M Melbl0 U JKene3oM MapranieM. OOHapyxeHbl (OTOMHAYLUPOBAHHBIE ABTOBOJHBI
M3MEHEHHS KOX(p@HUIMEHTa TOTJIONICHNS TPU OCBEIICHUH OrpaHHMYEHHON 00JacTH KpucTallia
W3JIYYCHHEM C JUTMHON BOHBI 488 HM. DKCIIEpUMEHTAIBHO HAOII0IA0TCS TIEPEX0 ] TMHAMHYECKOM
CUCTEMBI M3 YCTOMYHMBOTO COCTOSTHUS Ha (Pa30BOM IUIOCKOCTH B 3aMKHYTYIO (Da30BYIO TPACKTOPHIO C
BO3HUKHOBEHHEM TMpeAenbHOro uukia. HaOmonatorcs Oudypkamum ¢  pacnaaoMm  ¢a3oBoii
TPACKTOPHUU HA JIBA C MEHBIIICH TUIOIMIAbI0 (Da30BOM TPACKTOPHHU.
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P1-7. DanexkTpoHHbIe (pa3oBble MEePexXoAbl METANI—H30JSTOP B INHPOKO30HHBIX
noJjynpoBoanukax ZnO
H.P. Aeamansan, 3.C. Bapoansn, E.A. Kagpaoapsn, P.K. Oscensn, C.U. [lempocsan, A.P. [lococan
HuctutyT Pusnyeckux nccnenoBannii HAH Apmennn, ApmeHust

IupOKO30HHBIA MOJIYNPOBOAHUK OKcHJ IuHKAa (ZnO) ob6nagaer MHOMXKECTBOM HHTEPECHBIX
CBOWCTB M TPEJCTABIISCT MHTEPEC AN TeXHHYeCKHX npwiokeHui. [Inéukum ZnO Moryt OBITH
WCIIOJIb30BaHbl JUIsl CO3JaHUS CBETOAMOJOB M JIa3epoB, paboTaloluX B CHHE-3el€HOM U YO
nuana3oHax. Ha X ocHOBE MOXHO CO3/1aTh MTPO3pavyHble JUCILIEU U NIPE0OPa30BaATEIN COJTHEUHOTO
n3iIy4eHus. BBeleHre akuenToOpHON WM TOHOPHOM IMPHUMECH MO3BOJISIET YIPABJIATh BEIUYUMHON U
TUTIOM TPOBOJUMOCTH 3TUX IIEHOK. B mpencraBieHHONW paboTe, MCCISAYIOTCS SJIEKTPOHHBIC
(dazoBble Mepexoibl METALI-U30JIATOP B IIWPOKO30HHBIX MOJYNPOBOAHUKAX ZnO W BIUSHUE
HEPAaBHOBECHBIX  (OTOBO30YXKAEHHBIX  HOCUTENICW  3apsla Ha  Mpomecc  TPaHCIOopTa.
PaccmatpuBaercs BiusHuE 1e(EKTHOIO KOMILIEKCa, O0YCIOBIEHHOIO KHCIOPOJAHON BaKaHCHEH —
MEXKJO0Y3€JIbHOIO aTOMa [HMHKA, Ha IIepexo] MeTauI-u3ossTop. IlomydeHsl M HCCiIeIOBaHbI
0COOEHHOCTH Mepexoja MeTaI—M30JIATOp B JerupoBanHbix Li unn Ga mnénkax ZnO.
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P1-8. Structural and Electrical Properties of La-based Oxide Structures
E.A. Kafadaryan', S.I. Petrosyan’, G.R. Badalyan', V. Lazaryan', G.H. Shirinyan®, H.S. Semerjian?,
N.R. Aghamalyan®, A.M. Kuzanyan'
'Institute for Physical Research, NAS of Armenia, Armenia
®Yerevan State University, Armenia

Progressive DRAM cell technology requires new dielectric materials for capacitor applications.
Silicon dioxide, silicon nitride and HfO, have been commonly used as dielectric materials in metal—
insulator-metal (MIM) capacitors. But the capacitance densities are limited due to their low
dielectric constants and films showed a leakage current problem. Use of the high-k dielectrics can
solve such problems by enhancing the capacitance density. One of the best candidates for use in a
DRAM storage capacitor is hexagonal La,O3 owing to a large energy band gap (5.5 eV), high
electrical breakdown field strength and high dielectric constant (k = 27).

In this work within the framework of the hexagonal lanthanum oxide (h-La,O3z) formation,
lanthanum hexaboride (LaBs) film was oxidated at different temperatures (700—1060°C) under
reduced atmosphere pressure (1x10°—1.5x10 Torr) during 30 min. Crystallographic evolution of
LaBg/La,0O3 structure versus annealing temperature and pressure has been studied using XRD, FIR
reflectivity spectroscopy, SEM and X-ray microanalysis (EDS).

After hydratation of Al,Oz/LaBg/La,O3 structure in de-ionized water for 960 min and post-

annealing at 900°C under 1.5x10* Torr, the La,O3 film showed high k value ~ 22, in spite of the
presence of lanthanum carbonate La,0,COj3 and lanthanum hydroxide La(OH)3 species.
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P1-9. The Study of Peculiarities of CeBg Crystals Chemical Composition for the Purpose of
Creating a Single-photon Detector of UV and X-ray ranges
A. Kuzanyan®, V. Kuzanyan', G. Badalyan®, V. Nikoghosyan®, M. Konovalov?, V. Gurin?,
U. Burkhardt®, Y. Grin®
YInstitute for Physical Research, NAS of Armenia, Armenia
’A.F. loffe Physical-Technical Institute Russian Academy of Sciences, St. Petersburg, Russia
*Max Plank Institute for Chemical Physics of Solids, Dresden, Germany

The precise determination of the chemical composition of samples is extremely important for
understanding many physical phenomena and peculiarities of property changes in almost all
compounds. The ratio of main elements and the presence of uncontrollable impurities are the main
factors determining most physical properties. It is especially hard to conduct a precise chemical
analysis of compounds containing light and heavy atoms, even more so to determine the change in
their ratio in microvolumes while scanning the surface of samples. In this work we discuss the EDX
results of CeBg crystals obtained by different growth methods, taking into account their surface
roughness. We calculate the corrections one should apply to the experimental EDX results,
depending on the standard arithmetic mean roughness amplitude R, and the inclination angle o of
the studied surface area to the horizontal, i.e. the parameters determining the surface roughness. We
determined the precise values of R, and a from the profilometry results. The obtained results have
been used to determine the change in the B/Ce ratio along the length of the studied crystals and the
content of uncontrollable oxygen and aluminum impurities, with the purpose of developing the
selection criteria of samples used in creating a single-photon thermoelectric detector of the UV and
X-ray ranges.
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P1-10. Modelling the Kinetic Processes Occurring in the Sensor of a Thermoelectric Detector
upon Absorbing a Single Photon
V. Nikoghosyan®, V. Petrosyan', A. Kuzanyan®, A.Gulian
'Institute for Physical Research, NAS of Armenia, Armenia
2Physics Art Frontiers, Ashton, Maryland, USA

As we have shown earlier [1,2], the sensors of a thermoelectric detector based on Au:Fe or on rare-
earth hexaborides are capable of detecting single photons of UV and X-ray ranges. This paper
describes the propagation of heat upon absorbing a photon in different areas of the absorber of the
thermoelectric detector with different geometries of the absorber, the heat sink and the thin-film
thermoelectric bridge linking them, as well as the temperature gradient and the voltage arising on
the thermoelectric sensor. The calculations were made for cases where the thermoelectric sensor is
Au:100 ppm Fe at 0.3 K, (Lag.g9Ce01)Bs at 0.5 K and CeBs at 9 K.

The results will be used in creating a working model of a thermoelectric single-photon detector.

[1] A.Gulian, K.Wood, D.Van Vechten, G.Fritz, H.-D.Wu, S.Bounak, K.Bussman, K.Winzer,
S.Kunii, V.Gurin, C.Mitterer, M.Carlsson, F.Golf, A.Kuzanyan, G.Badalyantz, S.Harutyunyan,
S.Petrosyan, V.Vardanyan, T.Paronyan, and V. Nikoghosyan. Current developmental status of
thermoelectric (QVD) detectors. Nuclear Instruments and Methods in Physics Research, A 520
(2004) 36-40.

[2] V. Petrosyan, “CeBg as a prospective material for cryogenic thermoelectric single photon
detectors”, International Conference on Laser Physics 2010, Ashtarak, October 12-15, 2010,
Proceedings of SPIE Vol.7998 (SPIE Bellingham,WA, 2011) OD.
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P1-11. Infrared Down-conversion Luminescence in LiNbO3:Er®" Excited by Short Pulse
Radiation at 980 nm
E.P. Kokanyan'?, G.G. Demirkhanyan'?, E. Steveler®, H. Rinnert®, M. Aillerie*
'Institute for Physical Research, NAS of Armenia, Armenia
2Armenian State Pedagogical University after Kh. Abovyan, Armenia
%Institut Jean Lamour, Nancy-University, Vandceuvre-lés-Nancy, France
*LMOPS, University Paul Verlaine of Metz and Supelec, Metz, France

Down-conversion luminescence in the LiNbOs:Er®* crystal at a wavelength of 1500 nm, as well as
luminescence at 1010 nm under pulsed excitation of different power at a wavelength of 980 nm are
experimentally and theoretically studied. It is revealed, that the main part of the absorbed energy
gives rise to the luminescence at 1500 nm. Considered concentrations of Er** impurity ions allow to
exclude cooperative processes in the impurity subsystem. The experimental results are interpreted
in the framework of a three electronic levels system, assuming that the population of the higher
lasing level *I13; in the crystal under study is caused by down conversion processes. It is shown that
for obtaining of a laser radiation at about 1500 nm one can effectively use a pulse-pumping at
980 nm with a power density in a range of 50-60 MW/cm?.
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P1-12. Evidence of Multiparticle Optical Centers in LiNbOs:Er**-Yb®*" Crystal
V.G. Babajanyan, R.B. Kostanyan, P.H. Muzhikyan, D.G. Zargaryan
Institute for Physical Research, NAS of Armenia, Armenia

Kpucramis LiNbOs:Er**—Yb** IIUPOKO HCIOJIB3YIOTCS B Ka4eCTBE HCTOYHUKOB HM3IYYEHUS H
YCUIIUTENCH MOIIHOCTH Ja3€PHOTO M3IIyUYeHUs Ha JUIMHE BOJHBI 1.5 MKM BO BCEMHUPHOW MAyTHHE
ONTUYECKUX KOMMYHHKAIMid. [103TOMY MOMCKY ONTHUMAIBHBIX YCIOBUH pabOTHl M YIYYIICHHIO
BBIXOJHBIX XapPaKTEPUCTUK OJTUX aAKTUBHBIX CpEJ HANpPaBICHbI YCHUJIUS MHOTOYMCICHHBIX
UCCIIEIOBATEIILCKUX TPYIIIT BO BCEM MHUPE.

OpHolt M3 XapaKTepHBIX OCOOEHHOCTEW 3TOro Marepualia SBJISIeTCS MPeIpacloioKEHHOCTh €ro
CTPYKTYphI 00pa30BBIBATH CJIIOKHBIE MHOTOYACTUYHBIC ONTUYECKUE [IEHTPHI, COCTOSIINE U3 IBYX U
naxxke TpEX OIM3KOPACHOJIOKEHHBIX MPUMECHBIX HMOHOB YK€ TMpPU JOCTaTOYHO HU3KHX
KOHIIEHTPALUAX JIETHPYIOIIMX TpuMeceid. ITuM 0OyCIaBIMBACTCS BBICOKAs BEPOSITHOCTh
Pa3IMYHBIX KOOIEPATUBHBIX MPOIECCOB B MPUMECHOW IMOJCUCTEME KpUCTaJLIa LiNbOs:Er**-Yb*,
UMEIONUX CYIIECTBEHHOE, a MpPH OINPEICICHHBIX YCIOBHUSIX, W OINpPEICISIIONIee BIMSHUEC Ha
3¢ (HEeKTUBHOCTh M TMHAMUKY 3aCelIeHUs] YIHEPreTUUECKUX YPOBHEH, OTBETCTBEHHBIX 3a MOJTyuYeHUE
reHepanuu BOm3u 1.5 MKkM.

B nacrosmeit pabore mpuBeleHbl pe3yibTaTbl HUCCIIEIOBaHUM, HalpaBiICHHBIX HAa BBISBICHUE U
orpejeneHue OCOOCHHOCTEH MPOSIBICHUS TaKMX MHOTOYACTHYHBIX LIEHTPOB B XapaKTEPUCTUKAX
JIFOMUHECLCHTHBIX curHanos kpucramia LiNbOs:Er**—Yb* . Ilocpencrom cenexruBroro BbiGopa
JUIMHBI BOJIHBI BO30YXICHHSI OCYIIECTBICHO pa3lielbHOE BO3OYKIEHUE pAa3INYHBIX THUIIOB
ONTHUYECKUX IIEHTPOB: TaK, Hampumep, iIuHa BoOJHBI 808 HM crocoOHa BO30YXKIaTh JIMIIb
OIITHYCCKHE LEHTPBI ¢ HaamuneM HoHoB Er’*, mmma Bomusr 1064 HM — Tonbko ¢ nonamu Yb**, a
mmHa BOJMHBI 980 HM — THIBI ONTHYECKHX IIEHTPOB Kak ¢ obommu unoHamu. [locpencTBom
IIPUMEHEHHUST METOJla CIIEKTPOCKONMHM BPEMEHHOIO pa3pellieHusl IPOBEAEHBI HCCIEI0BAHUSA
KMHETUYECKUX XapaKTEPUCTUK JIOMUHECIIEHTHBIX OTKJIMKOB 3TOrO MaTepuaia, a TakkKe HU3Yy4EHbI
3aBUCUMOCTH MHTEHCHUBHOCTEH ATUX JIOMUHECLICHIIMI OT MHTEHCUBHOCTU ONTHYECKOW HAKAUKH Ha
YKa3aHHbIX JJuHaX BOJH. CpaBHEHHME OKCIEPUMEHTANBbHBIX pE3YyJNbTaTOB C YHCIECHHBIMU
pacuéramu, TPOBEACHHBIMH HAa OCHOBE OallaHCHBIX YypaBHEHHUH, OCTAaBIEHHBIX B paMKax
OTNpeAeNEéHHBIX MOJENEeH MPOLECcCOoB, MMEIOIINX MECTO B IPHUMECHOH MOJCHUCTEME, MO3BOJIUIO
OLICHUTh KOJMYECTBO MHOTIOYACTUYHBIX ONTHYECKUX LIEHTPOB M CTENEHb UX BIMSIHUS TUHAMUKY
(bopMHpOBaHUsI HACEIEHHOCTEN SHEPreTUYECKUX YPOBHEN NpuMecei.
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P2-1. Bpemsi-uacToTHOE pacnpe/esieHie U3Ty4eHUs] PAa3HOCTHOM YaCTOThI CreHEPUPOBAHHOIO
B 110J1€ JIA3€PHOr0 MMITYJIbCA IVIMTEJIbHOCTHIO B HECKOJIbKO ONITHYECKUX KOJIeOaHu
pacnpocTpaHsiionierocsi B kpucrajuie GaAs ¢ nepuoanyeckoii 10MeHHO CTPYKTYpPOii
JLJL OZCIHeC}IHl, B. O. ‘Iaﬂmukﬂuz, rJ. Ozanecan*

'EpeBarckuit rOCyJapCTBEHHBIN YHUBEPCUTET, APMEHUS
ZI/IHCTI/ITyT ¢dbm3ugeckux ncciaenoBanniit HAH Apmennu, ApMeHust

PaccmoTpeH mpouecc reHepanuu H3JIydeHHMs pa3HOCTHOM dacToTel B Kpucramie GaAs c¢
NEPUOANYECKON JOMEHHOM CTPYKTYpPOU B IOJIE JIA3€PHOTO MMITYJIbCA JJIUTEIBHOCTBIO B HECKOJIBKO
OINITUYECKUX KOJIEOaHH B pexKHME ClIa00 BBIPAKEHHON XPOMaTHYECKON AUCTIEPCUH.

MerogoM MNpAMBIX TMOJYYEHO UHUCIEHHOE PEIICHHE CHUCTEMbl CBS3aHHBIX HEJIMHEHHBIX
muddepeHIMaTbHbIX  YpaBHEHWH B  YaCTHBIX MPOU3BOAHBIX, OIUCHIBAIOIIUX  SBOJIIOIHIO
NEKTPUYECKOTO TOJS JIA3€pHOTO HUMIYyJbCa C JJIUTENBHOCTBIO B HECKOJIBKO KoOJI€OaHWM B
kpuctaiie GaAs Kak ¢ IepUOJAUYECKON TaK U C allepuoINYECKON TOMEHHON CTPYKTYPOH.

C nomomrsio npeoOpa3oBaHust Burnepa uccieoBaHo BpeMsi-4aCTOTHOE paclpesieiieHue Kak s
Y-IIOJIIPU30BAHHOTO (PEMTOCEKYHIHOI'O Ja3€pPHOr0 UMITYJIbCA PACIPOCTPAHSAIOLIETOCS B KPUCTAILIE
GaAs ¢ mepuoauuecKoil JOMEHHOM CTPYKTYpOH, Tak W JJs Z-NOJSPU30BAHHOI'O HMMITYJIbCHOI'O
U3JIy4EHUs! Pa3HOCTHOM 4YacTOTHI, MOJYYEHHOIO B pe3yibTare (UIbTPALMU Z-TIOJISIPU30BAHHOTO
MMITyJIbCA Ha BBIXOJE KpUCTAJLIA.
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P2-2. Generation of Terahertz Radiation in Nonlinear Crystals Placed Within a Hollow
Waveguides
Anahit Nikoghosyan
Yerevan State University, Yerevan, Armenia

The results of the THz pulse generation via optical rectification of pico- and femtosecond laser
pulses in nonlinear crystals are presented. Detection of THz pulse are performed at room
temperature by both Schottky diode and ZnTe crystal. The quantum efficiency of energy conversion
up to 28% of maximum value is obtained with Schottky diode.
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P2-3. Similariton-based Spectral Interferometry for Femtosecond Pulse Characterization
A. Zeytunyan, G. Yesayan, L. Mouradian
Yerevan State University, Armenia

The signal analysis problem on the femtosecond time scale employs the powerful arsenal of contemporary optics, involving
the methods of nonlinear and adaptive optics, Fourier optics and holography, spectral interferometry, etc. The pulse direct
measurement is possible by the transfer of temporal information to the space or frequency domain. The approach of pulse
spectrotemporal imaging through temporal lensing [1] by its recent implementations in the silicon chip [2] and similariton-
induced parabolic temporal lens [3] provide accurate, high-resolution direct measurement of a pulse in the spectrometer as in
the femtosecond optical oscilloscope. Many scientific and technological problems, however, along with the amplitude,
demand also the phase information, motivating the urgency of methods for the complete characterization of femtosecond
signal. The nonlinear-optical techniques of FROG and its modifications [4], provide complete determination of the temporal
amplitude and phase by recording high-resolution spectrograms, which are further decoded by means of iterative phase-
retrieval procedures. The approach of spectral interferometry (SI) [5] and its extensions to the methods of SPIDER [6],
SPIRIT [7], and SORBETS [8] have the advantage of non-iterative phase retrieval.

The classic Sl is based on the interference of the signal and reference beams spectrally dispersed in a spectrometer, with the
spectral fringe pattern caused by the difference of spectral phases [5]. The known spectral phase of the reference permits to
retrieve the spectral phase of signal, and, together with its spectrum measurement, to recover the complex temporal amplitude
of the signal through Fourier transformation. The setup of classic Sl is rather simple, and the measurement is accurate as any
interferometric one, but its application range is restricted by the bandwidth of the reference. The Sl characterization of a signal
that has undergone a nonlinear interaction with medium requires a special broadband reference to fully cover the broadened
signal spectrum. To avoid this restriction, the self-referencing methods of spectral shearing interferometry are developed [6-
8]. This improvement promotes the SI-methods to the class of the most popular and commercialized methods of accurate
measurements on the femtosecond time scale at the expense of a more complicated optical arrangement. The reporting method
of similariton-based SI, along with its self-referencing performance, keeps the simplicity of the principle and configuration of
the classic SI. The key peculiarity of similariton, important for its application to Sl, is its known - parabolic phase.

In our developed method of similariton-based S, we split the signal beam, injected its part into a fiber and generate the
nonlinear-dispersive similariton-reference. The residual part of the signal, with a relevant time delay, is coupled with the
similariton in a spectrometer. The spectral fringe pattern, on the background of the signal and similariton spectra, completely
covers the signal spectrum, and the whole phase information becomes available. The known spectral phase of the similariton-
reference allows to retrieve the signal spectral phase, and by measuring also the signal spectrum, to reconstruct the complex
temporal amplitude of the signal through Fourier transformation. Thus, the method of similariton-based Sl joins the
advantages of both the classic Sl [5] and spectral shearing interferometry [6-8], combining the simplicity of the principle and
configuration with the self-referencing performance.

Experimentally examining the similariton-based SI, we compare the measurements with the ones carried out by a prototype of
the femtosecond oscilloscope (FO) based on the pulse spectrotemporal imaging in the similariton-induced temporal lens. The
resolution of such a similariton-based FO is given by the transfer function of the similariton’s spectrum [3,9], and FO with a
similariton-reference of the bandwidth of 50 THz bandwidth provides the 7-fs temporal resolution of direct measurement of
temporal pulse in a spectrometer. In the comparative experiments, we have demonstrated the similariton-based Sl and FO as
two applications of similariton. Both the reference-based methods become self-referencing by the use of similariton. In our
experiment, we have generated nonlinear-dispersive similaritons of up to 50 THz bandwidth, and characterized them by
means of chirp measurement through the technique of frequency tuning in spectral compression process, stating that only fiber
dispersion determines the phase of broadband nonlinear-dispersive similariton. Afterwards, we have demonstrated the
similariton-based method of Sl for complete characterization of set of different femtosecond pulses in the comparative
experiments with the FO-measurements.

Concluding, our comparative study, carried out together with the theoretical check and autocorrelation measurements,
evidences the quantitative accordance and high precision of both the similariton-referencing methods of Sl and temporal
lensing. The FO provides direct pulse measurement, but it does not give phase information without additional interferometric
measurement. The self-referencing method of similariton-based Sl provides the complete and accurate characterization of
femtosecond signal.

[1] L.Kh.Mouradian, F.Louradour, V.Messager, A.Barthélémy, C. Froehly, IEEE J. Quantum Electron. 36, 795 (2000).

[2] M.A.Foster, R.Salem, D.F.Geraghty, A.C.Turner-Foster, M. Lipson, A.L.Gaeta, Nature 456, 81 (2008).

[3] TMansuryan,A.Zeytunyan,M.Kalasyan,G.Y esayan,L..Mouradian,F.Louradour,A.Barthélémy,J.Opt.Soc. Am.B25,A101 (2008).

[4] D.J.Kane, R.Trebino, Opt. Lett. 18, 823 (1993); Opt. Express 11, 68 (2003).

[5] J.Piasecki, B.Colombeau, M.Vampouille, C.Froehly, J.A.Arnaud, Appl. Opt. 19, 3749 (1980); F.Reynaud, F.Salin,
A.Barthélémy, Opt. Lett. 14, 275 (1989).

[6] C.laconis, I.A.Walmsley, Opt. Lett. 23, 792 (1998).

[7] V.Messager, F.Louradour, C.Froehly, A.Barthélémy, Opt. Lett.28, 743 (2003); M.Lelek, F.Louradour, A.Barthélémy, C.
Froehly, T.Mansourian, L.Mouradian, J.-P.Chambaret, G.Chériaux, B.Mercier, J. Opt. Soc. Am. B 25, A17 (2008).

[8] P.Kockaert, M.Haelterman, Ph.Emplit, C.Froehly, IEEE J. Sel. Top. Quantum Electron. 10, 206 (2004).

[9] A. Zeytunyan, A. Muradyan, G. Yesayan, L. Mouradian, Laser Physics 20, 1729-1732 (2010).
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P2-4. UcciienoBaHue HEJTUHEHHOTO B3aMMO/1€iiCTBHUS JIEKTPOMATHUTHOTO U3JIy4YeHUsl €
00bEMHBIM 32PSI/IOM B BAKYYMHBIX 2JIEKTPOHHBIX IpHOoOpax
A.O. Maxapsn, O.C. Aposin, B.A. Caaxan, B.P. Tamegocsn
EpeBaHckuii rocy1apcTBEHHBIH YHUBEPCUTET, ApMEHUs

s ycnemmHoro ocBoeHus TeparepuoBoro (TI'm) nmamazona BosH HeoOXxoquma paspaboTka
BBICOKOYYBCTBUTEIBHBIX, OBICTPOJACHCTBYIONIMX, JIOCTYIMHBIX NMPHEMHUKOB U IpeoOpasoBaTeseit
U3JTyueHHs, pabOTaIOMIUX P KOMHATHOM Temmeparype [1].

Henunelinble cBONCTBAa BaKyyMHBIX 3JIEKTPOHHBIX IPUOOPOB XOPOIIO M3BECTHBI, OJJHAKO OHU HE
HalUITd TPUMEHEHUs JJs PEerucTpaluud U mnpeoOpazoBanHusi uznydeHus 11 M ONTHYECKOTrO
JIMara3oHoB. JTO B OCHOBHOM CBSI3aHO C TE€M, YTO M3-3a OOJBIIMX Pa3MepoB (MO CPAaBHEHHIO C
JUIMHOM BOJIHBI) MpUOOpP CTAaHOBUTCS CHUCTEMOW C pacnpeAeNéHHBIMU HapaMeTpaMu, U3-3a 4Yero
BO3HUKAET MpodieMa I0ABOJA 3JIEKTPOMAarHUTHOIO H3JIydyeHus K ajiekrpogam. OpHako, 3Ta
npobyiieMa aBTOMAaTHYECKHM CHUMAETCsl NpH O00eCHedYeHWH MPOHUKHOBEHHS AJIEKTPOMArHUTHOU
BOJIHBI B MEXDJIEKTPOJHOE MPOCTPAHCTBO. B 3TOM citydae 3neKTpoMarHUTHAs BOJHA (DaKTUYECKU
pacnpocTpaHsieTcsl B HETUHEHHON cpejie, CO3JaHHONW HEOJHOPOIHO PaCHpeeTEHHBIM 00bEMHBIM
3apsiIoM BOJIM3H TEPMOSIMHUCCHOHHOTO KaTtoaa. [IponcxoauT B3auMoeiicTBUE BOIHBI ¢ 00BbEMHBIM
3apsA0M BO BCEM MEXKIJICKTPOAHOM TPOCTPAHCTBE, B pe3yjibTare 4Yero MOXKHO TIOJTYYHUTh
HEeJIMHEWHOoe npeoOpa3oBaHUe U3JIyUYEHUs], B YaCTHOCTU — JIETEKTUPOBAHUE.

B nacrosmieir paboTe mpoBeNeHbl UCCIICOBAHUS HEIMHEHHOTO B3aMMOJCHCTBHSI DJIEKTPOMArHUT-
HBIX BoJH CBY, cyOTeparepioBoro u ONTHYECKOTO AUANa30HOB ¢ HEOJHOPOIHO pacIipeaeaEHHBIM
O00BEMHBIM 3apsJIOM BaKYyMHBIX SJIEKTPOHHBIX NMPUOOPOB. B KadecTBe MCTOYHMKOB M3IYYCHHUS B
CBY u cyOreparepoBoM [uana3oHax OBUIM HCIIOJNIB30BaHBl CTaHIAAPTHBIE TE€HEPAToOphbl, a B
ONTHYECKOM JMana3oHe — pasHbie ja3epbl (HempepbiBHb He—Ne (A = 0.63; 1.15; 3.39 mxm),
MUMITYJIbCHBINA HeomuMOBEIH (A ~ 1.06 Mkm), pemrocexynanbIi nazep (A ~ 710-950 um), ¢ gacToToi
noBroperus ~80 MI').

HccnenoBanucy BaKyyMHbBIE TUOIbI M TPHOBI C Haubosiee yaA00HOH KOHCTPYKIIUEH 3IeKTPOIOB st
BBO/Ia MIEKTPOMATHUTHOMN BOJIHBI B MEKIJIEKTPOIHOE IPOCTPAHCTBO.

[Tpu WCMONB30BaHUK BAaKyyMHOTO JTHOJA OBLIO MOJYYCHO YBEPEHHOE JETCKTUPOBAHUE WU3ITyUCHUS
kak B CBY (F ~ 10 I'Tu) u cybrepareprioom (F ~0.14 TT'p) Tak u ontuyeckoMm (A ~ 1.06 Mkm)
Jrara3oHax BOJH.

UyBCTBUTENBHOCTD TPUOJA BBIIIE 10 CPaBHEHUIO C JHMOAOM, 3a CUET BHYTPEHHErO YCHIICHMS
TPUOAOM JETEKTHPOBAHHOI'O CUTHAJA, IOJIY4aeMOro Ha ceTke. bmarogaps 3ToMy moiydaercs
YBEPEHHOE JIETEKTHPOBAHHE KaK CyOTepareploBOr0 H3JIyuyeHHs, TaK U OTHOCHTEIBHO CIaboro
usnyuyenus (= 1 mBt) He—Ne nazepa B UK u Buaumoit o6nacru.

BakyymHble 1npuOOpbl  CIIOCOOHBI  BBIJIEPKATh 00JbIIME MOIIHOCTH 3JIEKTPOMArHUTHOTO
U3ITy4eHusl, CIeI0BATENIbHO, UX MOKHO MCIIOJIb30BaTh TaKKe B KAUECTBE HEJIMHEHHOTO dJIEMEHTA B
npeoOpa3oBarensax 4YacToTbl. D(MPEKTHUBHOCTH MpeoOpa3oBaHUS MOXKHO YBEIHYUTHh 32 CYET
yBEJIMYEHUS 00JIaCTH B3aUMOJCHCTBHSI.

[1] A.Rostami, H. Rasooli and H. Baghban, Terahertz Technology, Fundamentals and applications,
Springer, Berlin.-2010.
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P2-5. The Effects Temperature on Optical Gain in GaN Based Quantum Dot Laser
P. Navaei, A. Asgari, S. Shojaie, R. Kheradmand
University of Tabriz, Iran

In this article the effects of temperature on optical gain and also the possibility of lasing at high
temperatures for GaN based Quantum dot laser has been investigated. The GaN quantum dots have
been located in AlGaN barrier materials with different Al molar fraction. One of the most
temperature dependent parameter in the lasers is the electron relaxation time. At high temperatures
polar optical phonon scattering is dominant because GaN is a highly polar material. To calculate the
electron relaxation time at high temperatures, the polar optical scattering of electron has been
calculated. The material gain per QD layer of a QD laser is expressed as [1]:

g (ho) = —7< — | dE\M,.VleP.P D(ENB(E . ho) f.(E . F.) = f(E " F)]

nbr:e.o?:*fo2
term o is the angular optical frequency, ny is the background refractive index of material, c is the
speed of light in free space, g is permittivity of free space, mg is the free electron mass, and E' is the
optical transition energy. The term |[Men? is the envelop function overlap between the QD electron
and hole states. The term |e.Pe[® is the momentum matrix of QDs. The term D(E') represents the
inhomogeneous broadening of QDs, which works as a density of states of QDs. The term B shows
the homogenous broadening of Lorentz shape as:

h

Ccv

B(E '—ho) = z .
(E'—ho)? + (hT,,)

where FWHM is given as 2hI';, with the scattering rate. Time scattering depends on temperature.
When the scattering time differs, density of states and homogenous broadening differ and that is a
result of changing of maximal gain with temperature. The modeling results show that the maximal
gain decreases as temperature increases. That is induced by decreasing of scattering time with
increasing the temperature [2].
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Fig.1. The scattering time versus temperature Fig.2.The gain versus wavelength for
for Alp,GaggN/GaN QD. Alp,GaggN/GaN QD lasers.

[1] J.Kim,Sh.L.Chuang, IEEE, Journal of quantum electrons, Vol.42, No.9 (2006).
[2] O. Celik, E. Tirs, S.Ardali, S.B. Lisesivdin, E. Ozba, CEJP-D-11-00106.
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P2-6. Near and Far Field Optical Patterns Formation by Rotational Symmetry Masks:
Application to Optical Spatial Soliton Generation
A. Badalyan', P. Mantashyan', V. Mekhitaryan', V. Nersesyan®, R. Drampyan'*
'Institute for Physical Research, NAS of Armenia, Armenia
“Russian-Armenian (Slavonic) University, Armenia

The existence and stability of spatial optical solitons — self-trapped optical beams of finite spatial cross-
section that travel without divergence — are the subject of increased interest due to numerous possible
applications, particularly, for controlling of optical beam propagation, in optical communication systems, for
all optical switching etc. Many properties of optical solitons that cannot be observed in bulk uniform
nonlinear media have been discovered in nonlinear planar waveguide [1], in nonlinear medium with ring-
shaped [2] and square photonic lattices [3]. Another way to form the optical solitons in nonlinear medium is
the use of necklace ring beams with intensity periodically modulated along the azimuthal direction [4].

In this report we present the formation of necklace type optical beams by rotational symmetry masks
technique developed in [5]. The detailed studies of space evolution of optical beam formation from near field
to far field by 633 nm laser beam with the use of 7-fold symmetry mask were performed for the first time.
The mask had ~35000 holes with the distance of ~30 um between ~10 um holes. Different types of necklace
beams with different numbers of “pearls” periodically or quasi-periodically situated along the different radii
rings were observed during space evolution of optical diffraction pattern (Fig.1).

Additionally, annular disposed multiple “pearls” necklace beams was formed in the far field from 5, 6, 8 and
9- fold symmetry masks by red 633 nm 17 mW and green 532 nm 50 mW single mode laser beams.

Z=113cm

(a) (b) (c) (d)
Fig.1. (a) Fragment of 7-fold symmetry mask. (b)—(d) Space evolution of diffraction pattern in the direction
of beam propagation Z at different distances from the mask, Z = 43, 63, 113 cm, respectively. The scale of 1
cm in the (b) is two times larger compared with (¢)—(d).

The necklace beams can be used for formation of spatial solitons in nonlinear solid crystals, such as lithium
niobate, lithium tantalate, strontium barium niobate, in liquid crystals and in resonant atomic media.

[1] S. Maneuf, R. Desailly, C. Froehly, “Stable self-trapping of laser beam: observation in a nonlinear planar
waveguide”, Opt. Commun. 65, 193-198 (1988)

[2] Xiaosheng Wang, Zhigang Chen, P. G. Kevrekidis, “Observation of discrete solitons and soliton rotation
in optically induced periodic ring lattices”, Phys. Rev. Lett, 96, 083904 (2006).

[3] J. W. Fleischer, M. Segev, N. K. Efremidis, D. N. Christodoulides, “Observation of two-dimensional
discrete solitons in optically induced nonlinear photonic lattices”, Nature, 422, 147-150 (2003).

[4] M. Soljacic, S. Sears and M. Segev, “Self-trapping of “necklace beam in self-focusing Kerr media”,
Phys. Rev. Lett. 81, 4851- 4854 (1998).; T. D. Grow, A. A. Ishaaya, L. T. Vuong, A. L. Gaeta, “Collapse
and stability of necklace beam in Kerr media”, Phys. Rev. Lett. 99, 133902 (2007).

[5] A. Badalyan, R. Hovsepyan, V. Mekhitaryan, P. Mantashyan, R. Drampyan, “Combined interferometric-
mask method for creation of micro- and sub-micrometric scale 3D structures in photorefractive
materials”, in International Conference on Laser Physics 2010, edited by Aram V. Papoyan, Proceedings
of SPIE Vol.7998 (SPIE Bellingham, WA, 2011) 79980H-1-10.
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P2-7. OnTuyeckue ypaBHeHus bioxa u mpocTpaHCcTBeHHAsl IMHAMMKA MOJISIPU3ANMU CBETA
JL.C. Acnansn, A.JI. Acransn, C.K. Hazapsan

EpeBaHckuii rocyapCcTBEHHbIN YHUBEPCUTET, APMEHUS

Kax XOpoLIo M3BECTHO, AMHAMHKA CIIMHA BO BHCINHEM MAarHMTHOM II0JIE OIMMCBIBACTCA YPAaBHCHUCM
BJIOX&, KOTOPOC MO3BOJIAACT paCcCMATpUBATh TAKUC SBJICHUA KaK CIIMHOBAasAg NpPCUCCCU, MAarHUTHBIN
PE30HAaHC, CIIMHOBOEC 5XO M T.A.

C npyroiil cTOpOHBI, UCIOJIB30BAHUE JIA3€PHBIX UCTOUHUKOB IO3BOJIMIIO U B PE30HAHCHOM OINTHKE
TaKke HaONIOJaTh aHAJOTMM MHOTHMX JTHUX SBJICHUH: 3aTyxaHue CBOOOJHOW MONApU3aLUH,
OINTUYECKYIO HYTalLMIO, (OTOHHOE 3XO0 U T.J. 3aMETHM, 3TH SIBJICHUS TEOPETUUYECKU OINMUCHIBAIIKCH,
KaK IPUHATO Ha3bIBaTh, ONITUYECKUMU ypaBHEHUsIMU biioxa [1].

Bo MHorux pa6orax (cm. [2]), B ToM ymcie u B Hamux (cMm. [3,4]), mpoaeMOHCTpUpOBaHa BO3-
MOXHOCTh OIMCaHUs MPOCTPAHCTBEHHOM JWHAMUKHM COCTOSIHMS MOJSPU3ALMM CBETa MpPU pac-
IIPOCTPAHEHUU B Cpelax C HEOJHOPOJHOCTSIMU AaHU3O0TPONMM M THPOTPONHH C IOMOILBIO
ypaBHeHu# biioxa.

W3 cambIx mociaeHux paboT MOKHO OTMETUTH [5], i€ ¢ MOMOLIbIO aHAJOIMU MEX]y YPaBHEHUSIMU
KOT€PEHTHO BO30YKIEHHOTO IBYXYPOBHEBOIO aroMa M YpPaBHEHUH IS TOJISIPH3AIMOHHBIX
napametrpoB Crokca (aHasor ypaBHeHUH bioxa) HalJJeHO TOYHOE aHAIUTHUYECKOE pelleHHe JUIs
IBYX Pa3JIMYHBIX MOJEIEH HEOAHOPOIHONW aHU30TPOIHOM Cpebl. DTO XOPOILIO U3BECTHBIE MOJIENIN
Jlannay-3enepa n JlemxoBa-KyHuke.

B nacrosiBmieii paboTe HamMHM paccMOTpEHa 3a/iada pacHpOCTPaHEHMs MOJSIPU30BAHHOTO CBETa B
HEOJHOPOAHOH Cpeie ¢ MPOCTPAHCTBEHHO MOJYJIMPOBAHHOW TUAJIEKTPUYECKON IMPOHHUIIAEMOCTBIO
U JUHEWHOM TIMpoTponMeld. B kadecTBe 4acTHOro mpHUMepa pacCMOTpPEHA IPOCTPAHCTBEHHAS
JMHAMHKaA COCTOSIHUS MOJISIpU3AIMK CBETA B XOJIECTEPUUECKOM KUIKOM KpUCTaJIe C TIEepEMEHHBIM
11aroMm.

3ajaya aHaIM3MpPOBAHA B pPaMKax IOJSIPU3ALMOHHBIX ypaBHeHMHM bioxa [5]. Anamutnueckoe
pelIeHre 3aJauy IPOBEIECHO B MPUOIMKEHUH BpAILlAlOLIEICs BOJIHBI.

[1] L. Allen, J. Eberly.Optical resonance and two-level atoms. John Wiley and sons.,N.Y.. London,
1975.

[2] T. Scharf. Polarized Light in Liquid Crystals and Polymers. A John Wiley and sons, inc. publ.
2006.

[3] Aslanyan L. S., Grigoryan N. S., Nazaryan S. K. Circularly polarized light in weakly inhomo-
geneous anisotropic media with gyrotropy. In Modern Problems on Optics and Photonics.,
Yerevan, 2009, p.109-114.

[4] Aslanyan A. L., Aslanyan L. S., Nazaryan S. K. Polarization oscillations in media with inho-
mogeneous anisotropy and gyrotropy. International Workshop "Photonics & Micro-and Nano-
structured Materials-2011" Yerevan, June, 2011.

[5] G. T. Genov, A. A. Rangelov, N. V. Vitanov. Propagation of light polarization in a birefringent
medium: Exact analytic models. arXiv: 1102.1315v1, 2011.
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P3-1. Experimental Investigation of the Writing Beam Coherence on Self-Organized Patterns
Formed on Azo Polymer Film
Ramin Abazari, Sohrab Ahmadi Kandjani
University of Tabriz, Iran

There have been plenty of studies on polymers containing Azo dyes to make use of them in
fabricating holographic gratings in order to apply them in information storage, light-waveguide
coupling and also in nonlinear optical electronics. In this regard it is possible to design 2 and 3D
reflection gratings and to organize material properties in such a way that self-organized gratings
show desired effects. In all these cases, the gratings are made from the resultant interference pattern
from laser lights with a wave length that can be absorbed by the media. Recently, surface relief
gratings have been made by illuminating single beam laser light on the surface of Azo polymer
films.

Studies show that the coherence of writing light has the essential role in creation of self organized
surface relief gratings. The coherent light of a laser can create a self-organized surface relief grating
with an almost steady period and amplitude under illumination, while incoherent light is not able to
do so. The recent works have shown that a background incoherent light can increase the growth rate
of the gratings under illumination of a coherent light, which enables us to create self-organized
gratings with even lower powers of coherent light.

In this experimental work, alternations of the spatial coherence degree of the writing laser light
using rotating ground glass have been investigated. A partially coherent light field is achieved via
passing a focused laser light through rotating ground glass. By varying the illuminated area on the
rotating ground glass and changing the size of speckle, we investigated the subsequent changes in
the spatial coherence degree of the laser light. In order to do this we used interference patterns of
one or more aperture in a mask.

Then by manipulating the coherence degree of writing laser light, variations in self-organized
surface relief gratings are studied. By reducing the speckle size, the diameter of the coherent area
decreases consequently and this makes the self-organized surface relief gratings to be formed in a
smaller domains, thus needing more time to propagate to the whole area of illumination. Therefore,
gradually the time that it takes for the growth rate of the grating to start surging increases. This
process continues until we get to a speckle size of 0.37 mm, a size in which the grating is no longer
formed and this point serves as a threshold for formation of self-organized surface relief gratings.

[1] S. Ahmadi Kandjani,R. Barille, S. Dabos-Seignon, J.-M. Nunzi,E. Ortyl, S. Kucharski,
Incoherent light induced self-organization of molecules, Opt.Lett., 30,3177-3179,2005.

[2] R.Barille, S.Dabos-Seignon, J.-M.Nunzi, S.Ahmadi-Kandjani, E.Ortyl and S.Kucharski,
Nonlocal communication with photoinduced structures at the surface of a polymer film,Opt.
Express,13,10697-10702, 2005.

[3] R.Barille, S.Ahmadi-Kandjani, E.Orty, S.Kucharski. and J.-M. Nunzi, Cognitive ability
experiment with photosensitive organic molecular thin films, Phys.Rev.Lett.,97,048701, 2006.

[4] Y.Mejia, A.l.Gonzalez, Measuring spatial coherence by using a mask with multiple apertures
Opt.Commun.,273, 428-434, 2007.
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P3-2. Birefringence Enhancement via Quantum Interference in the Presence of Magnetic
Field
A. Saleh, A. Mortezapour, M. Mahmoudi
University of Zanjan, Iran

We investigate the linear magneto optical rotation (LMOR) in a V-type three-level quantum system.
The linear polarized probe field is applied to the system. We apply an external static magnetic field
to establish birefringence due to asymmetric indices for left and right circular polarization
components of the probe field. Such birefringence implies a rotation to the direction of the
polarization of the probe field, leading to the magneto-optical rotation (MOR). We assume two
transitions are coupled to the common vacuum field and then induce the quantum interference in
spontaneous emission of upper levels. We study, analytically and numerically, the birefringence in
this system in the presence the quantum interference due to the spontaneous emission. It is shown
that the birefringence property increases by taking to account the quantum interference effect.
Moreover, it is demonstrated that the Doppler broadening has a destructive role in birefringence
enhancement.
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P3-3. Ultrashort Pulse-generation in the Induced Optical Anisotropic Medium
M.H. Hovhannisyan, A.Zh. Muradyan
Yerevan State University, Yerevan, Armenia

The possibilities for the medium’s coherent response accumulation method are studied in order to
amplify the rotation of probe beam polarization in two-photon resonance conditions.

We discuss a gas medium of three-level atomic systems, with the first excited energy level splitted
into two magnetic sublevels, in a combined “probe + pump” field. This model is the most
convenient for discussions with alkali metals. Here the far off the resonance, monochromatic, strong
pump field connects the excited doublet nPF,, ,,, with the higher excited energy level n'S,,, and the

far off the resonance, weak probe field connects the ground state nS,,, of the atom with an excited
doublet nP,,,, . All the calculations are done in two-photon (“probe+ pump”) resonance
conditions.

Here we have received an analytical expression for the output probe field in the dipole and rotated
wave approximation.

We have shown that by coherent shifting of input probe field’s phase from 0 till ~and vice-versa

for the rotated component of the output probe field we can get an isolated, about 5 times narrowed
light impulse with more than 16 times amplified intensity.
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P3-4. Laser-induced Thermomechanical Effects in Nematic Liquid Crystal
R.S. Hakobyan, R.B. Alaverdyan, A.K. Aleksanyan, G.S. Gevorgyan
Yerevan State University, Armenia

Liquid crystals (LC) have always been an interesting medium for both theoretical and experimental
physicists because of their big nonlinearity, sensitivity to external fields, reasonably cheap costs,
applicability etc. It was always interesting to devise new techniques to reorient the director of LC.
There are several mechanisms allowing us to convert absorbed energy by LC to the energy of
reorientation of director. One of them is thermomechanical effect. There are three types of
thermomechanical effects. The first effect is the hydrodynamic flow caused by the temperature
gradient, the second one is the temperature change due to non-uniform flow and the third one is
additional director reorientation due to temperature gradient. The third type thermomechanical
effect induced by Gaussian beam was recently studied both theoretically and experimentally. Many
studies were published showing the existence of thermomechanical hydrodynamic flow in hybrid
and cylindrical-hybrid cells. Thermomechanical flow induced by static electric, magnetic and laser
fields in the presence of temperature gradient has been also studied both theoretically and
experimentally in planar and homeotropic cells. It was shown that thermomechanical effects can
decrease the threshold of Fréedericksz transition in dye-doped nematic liquid crystal (NLC). One of
the big advantages of thermomechanical effect compared with other mechanisms (for instance giant
optical nonlinearity (GON)), which are absent in the case of normal incidence of laser beam, is that
it emerges at any angle of incidence of laser beam. Thermomechanical effects were also studied in
NLC, containing azobenzene in their molecular structure. It was suggested that one of the
mechanisms of optical nonlinearity observed in the experiment in such medium may be
thermomechanical effect.
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P3-5. Convective Motions in Nematic Liquid Crystal Homeotrop and Planar Cells Induced by
Gaussian Laser Beam
R.S. Hakobyan, A.K. Aleksanyan, A.K. Minasyan
Yerevan State University, Armenia

Laser beam heating the medium induces instability in the liquid crystal (LC) cell. This instability in
conjunction with influence of gravitational force results in convective motions in the cell. In this
paper theoretical modeling for studying convection induced by Gaussian laser beam in nematic LC
homeotrop and planar cells is presented for the first time. Velocity field and LC director distribution
are obtained for various light powers and LC cell sizes by solving Navier-Stokes, heat transfer and
director equations simultaneously. The modeling allows us to solve the problems of convections
induced by Gaussian laser beam due to Rayleigh-Benard and Marangoni mechanisms as well. There
IS a good qualitative agreement between theoretical and prior experimental calculations. The
possibility of control and stability of convective motions are studied. Benard cells become unstable
when the light intensity is high. These instabilities are of thermal origin because the Prandtl number
for the medium under study is considerably larger than unity.
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P3-6. Second Harmonic Generation Modeled by the Demkov-Kunike Resonance-crossing
Configuration
H.H. Azizbekyan, A.M. Manukyan, A.M. Ishkhanyan
Institute for Physical Research, NAS of Armenia, Armenia

We present a rigorous analysis of second harmonic generation in finite-length phase-modulated
medium within the approximation of coupled planar wave two-mode model. We derive a simple,
yet highly accurate, approximation for conversion coefficient for the Demkov-Kunike resonance-
crossing model. Analyzing the dependence of the conversion efficiency on the nonlinear
susceptibility and phase-mismatch modulation we show that high conversion is achieved for certain
regions of these parameters. We show that in the case of large enough phase-mismatch the
conversion efficiency almost monotonically increases depending on the nonlinear susceptibility.
However, we show that for a fixed value of the final phase-mismatch the conversion coefficient
always remains limited by a maximal conversion efficiency less than 100%, in contrast to the
known Landau-Zener prediction.
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P3-7. Study of the Rb Dark-line atomic resonance splitting in a Strong Magnetic Field
R. Mirzoyan, A. Sargsyan, D. Sarkisyan
Institute for Physical Research, NAS of Armenia, Armenia

Recently we reported about high contrast Electromagnetically Induced Transparency (EIT)
resonance (also called Dark-line) obtained with the help of nanometric-thin cell (NTC) of the
thickness L = A = 794 nm, on the Rb D; line [1]. The high contrast EIT resonance of 40% allows us
to study, for the first time, the Dark-line splitting in a very wide range of magnetic B-fields of
1-2000 G. Extremely small thickness of NTC is favorable for the use of widely available permanent
magnets, which significantly facilitates application of strong magnetic fields.

For Dark-line formation two extended cavity diode lasers (forming the coupling and probe beams)
with A = 794 nm and 1 MHz line-width are used. The coupling laser frequency is resonant with 8’Rb
D: line, Fg=2 — F.=2 transition, while the probe laser frequency is scanned across
Fy=1— F.=1,2 transitions. The Dark-line resonance splitting for B < 100 G provides 5-fold better
spectral resolution as compared with that obtained in [2].

Although in the case of strong B-field six EIT components are expected to exist, however for
B>700 G only two Dark-line components remain. There is a good agreement between the
experimental results and the theory.

It is important to note, that the amplitude of the Dark-line component strongly depends on the
detuning of the coupling laser frequency from the appropriate intermediate (6P) hyperfine level.
However, by the coupling laser frequency appropriate detuning it is possible to provide selective
addressing of the increase the amplitude of needed Dark-line component.

Well resolved Dark-line components can be used for magnetometry with local nanometric spatial
resolution.

[1] A.Sargsyan, Y. Pashayan-Leroy, C. Leroy, R.Mirzoyan, A.Papoyan, D. Sarkisyan, “High
contrast Dy line electromagnetically induced transparency in nanometric-thin rubidium vapor
cell” Applied Physics B. Lasers and Optics, DOI 10.1007/s00340-011-4614-0, (2011).

[2] A. Sargsyan, G. Hakhumyan, A. Papoyan, D. Sarkisyan, A. Atvars, M. Auzinsh, “A novel
approach to quantitative spectroscopy of atoms in a magnetic field and applications based on
an atomic vapor cell with L=A", Applied Physics Letters, 93, 021119 (2008).
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P3-8. Intensity-dependent Features in Hydrogen-buffered Cesium Spectra
S.V. Shmavonyan, A.V. Papoyan
Institute for Physical Research, NAS of Armenia, Armenia

As it was shown earlier, the presence of Ne or H, buffer gas significantly modifies the intensity
dependence of cesium resonant absorption and fluorescence [1,2], which was attributed to resonant
excitation-induced chemical reaction [2].

In this presentation we report the observation of a spectral feature, namely a dip (peak) in
transmission (fluorescence) excitation spectra of a room temperature cesium cell with addition of
20 Torr of H, appearing between Doppler-broadened Fy=3 — F,=2,3,4 and Fg=4 — F, =3,4,5
hyperfine transition groups of Cs D, line when laser radiation intensity exceeds 10 mW/cm?. In the
experiment we have implemented frequency modulation of the diode laser radiation with lock-in
detection of the transmission and fluorescence signals. Spectra taken at different intensities are
presented and compared with the spectra without the buffer gas. Possible physical mechanisms
responsible for the observed distinction are discussed.

[1] D. Sarkisyan, Yu. Malakyan, A. Papoyan, G. Bison, A. Weis, CLEO-Europe/EQEC’2000, Nice,
France, QWDS8. Advance Programme, p.79; Conf. Digest (IEEE, Piscataway, NJ, USA, xii 242
pp.) (2000).

[2] V. Chaltykyan, Yu. Malakyan, S. Shmavonyan, A. Papoyan, J. Phys. B: At. Mol. Opt. Phys. 37,
3735 (2004).
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P3-9. Analysis of High Excited “Hot” Bands of the SO, Molecule
0.V. Gromova'?, O.N. Ulenikov?, E.S. Bekhtereva?, C. Leroy®
Tomsk Polytechnic University, Department of Theoretical and Experimental Physics, Tomsk, Russia
2Tomsk State University, Physics Department, Tomsk, Russia
$Laboratoire Interdisciplinaire Carnot de Bourgogne, Université de Bourgogne, France

The main goal of the present study is to analyze rotational structures of highly excited “hot”
vibrational bands, vi+2v,-v, and 2v,+V3-Va, Vo+3vs-V, and 2vi+v,+vs-Vo, and vo+2vs-vo. All of these
bands are located in the region of considerably stronger bands, vi + v, and v, + v3, 3vs and 2v;+vs,
and 2vs, respectively. On that reason, as the first step of analysis, we made assignments of
transitions belonging to these strong bands. As the result of analysis, we were able to assign three
times more transitions to the bands vy + v, Vo + v, and 3vz (3360 transitions with J™ = 78 and
K™ a = 27 to the band vy + v,, and 2380 transitions with J™ = 69 and K™*a = 24 to the band v, +
vs, and about 2200 transitions with J™ = 60 and K™ a = 19 to the band 3vz) and four times more
transitions to the 2v;+vs and 2v3 bands (about 2300 transitions with ™ = 69 and K™ a = 20 to the
band 2vi+v; and more than 4500 transitions with J™ = 76 and K™ a = 26 to the band 2v3) than it
was known in the before literature.

After "cleaning” the experimental spectrum from transitions belonging to the strong bands,
assignment of transitions of “hot” bands was made on the basis of calculation scheme derived in
Ref. [1]. As the result, 1230 transitions with J™ = 60 and K™ a = 20 were assigned to the band
V1+2V,-V,, and 990 transitions with J™ = 59 and K™ a = 16 were assigned to the band 2v,+Vvs-vs,
and 230 transitions with J™ = 35 and K™ a = 10 to the band v,+3vs-v,, and 115 transitions with
J™ =26 and K™ a = 11 to the band 2v;+v,+Vvs-v,, and 885 transitions with J™ = 32 and K™ a =
17 to the band v,+2vs-vs.

The set of spectroscopic parameters, determined from the fit of all the obtained energy levels,
reproduces experimental line positions with the accuracy close to experimental uncertainties.
Obtained results can be used in different both pure scientific, and applied problems of physics,
chemistry, astrophysics, etc.

[1] O. N. Ulenikov, E. S. Bekhtereva, O. V. Gromova, S. Alanko, V.-M. Horneman, and C. Leroy,
Molec. Phys., 108, 1253, (2010).
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P3-10. Influence of Unequal Oscillator Strengths on Stimulated Raman Adiabatic Passage
through Bright State
L. Chakhmakhchyan'?, G. Grigoryan', C. Leroy?, Y. Pashayan-Leroy?, S. Guerin? H.R. Jauslin®
'Institute for Physical Research, NAS of Armenia, Armenia
“Laboratoire Interdisciplinaire Carnot de Bourgogne, Université de Bourgogne, France

The problem of the coherent control of atomic states, preparation of atoms in a stable superposition
state, and atomic population transfer has attracted much attention in the last decade. One of the
main motivations is associated with the rapid development of the field of quantum computing. One
of the key problems of quantum information processing is the construction of given coherent
superposition atomic states in a macroscopic volume. Stimulated Raman adiabatic passage
(STIRAP) [1] is considered to be the most common method for atomic population transfer in
quantum systems. Being analyzed in detail on various quantum systems from both theoretical and
experimental points of view, this method is widely adopted for the implementation of tools as
optical devices for atomic beams, control of chemical reactions, high-precision magnetometry, atom
cooling, etc.

Meanwhile, an alternative method for population transfer, based on the intuitive pulse sequence
with large one-photon detunings was demonstrated in [2]. In contrast with the STIRAP method,
where the population transfer is realized via a dark state, the population transfer for the intuitive
pulse sequence is obtained via a bright state. The authors of [2] called the atomic population
transfer of this kind b-STIRAP. A detailed theoretical analysis of the b-STIRAP process in media
with equal oscillator strength on adjacent transitions was performed in [3]. However, it is well-
known that an oscillator strength ratio different from unity can considerably impact on the coherent
processes in A-media (see e.g. [4]).

In the present work an analytical and numerical analysis of the b-STIRAP process in a medium with
unequal oscillator strengths is performed. It is shown that the length of population transfer can be
considerably increased by an appropriate choice of the dipole transitions.

[1] N.V.Vitanov, B.W.Shore,K.Bergman, Adv. Atom.,Mol, Optical Physics, 46, 55-190, (2001).

[2] J.Klein, F.Beil, Th.Halfmann, Phys.Rev.Lett. 99, 113003 (2007).

[3] G.G. Grigoryan, G. Nikoghosyan, T. Halfmann, Y.T. Pashayan-Leroy, C. Leroy, S.Guerin,
Phys.Rev. A 80, 033402 (2009).

[4] G.G.Grigoryan, Y.Pashayan, Phys.Rev. A 64, 013816, (2001).
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P3-11. Interference Phenomena at the Elastic Collision of Atoms in Laser Field With
Formation of Feshbach Resonance and Allowance for Inelastic Decay Channel

E. Gazazyan, A. Gazazyan, V. Chaltykyan
Institute for Physical Research, NAS of Armenia, Armenia

Interference effects in the elastic collision of atoms with allowance for inelastic decay channel with
formation of the Feshbach resonance in the laser field are considered. Resonant laser radiation leads
to additional channels of elastic and inelastic scattering which are strongly coupled with each other.
The cross sections of the elastic and inelastic scattering are obtained and the interference between

resonant and nonresonant scattering is analyzed.
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P3-12. Constructing Specified Coherent Superposition States of Atoms in Macroscopic
Volume
G. Grigoryan®, V. Chaltykyan®, E. Gazazyan', O. Tikhova?, A. Hovhannisyan?
"Institute for Physical Research, NAS of Armenia, Armenia
“Russian-Armenian (Slavonic) University, Armenia

Creation of needed coherent superposition states of atoms is a key problem of quantum informatics.
In spite of huge number of theoretical studies on efficient transfer and control of atomic level
populations, all of them are mainly concentrated on microscopic processes in isolated atomic
systems. Meanwhile, at propagation of laser pulses in resonant media energy transfer occurs
unavoidably between these pulses, which may result in essential changes in time envelopes, in
parametric broadening of spectra, in breaking of the interaction adiabaticity, and, hence, loss of
control of populations. In the present work we use relatively simple quasienergy technique in
STIRAP-b-STIRAP chains to study the possibilities of producing controllable superposition states
preserving their stability at propagation of pulses in media.
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P4-1. Physical Properties of the Pulsed-laser Deposited Sb-pSi and aC-Sb-pSi Surface-barrier
Structures
Zh. Panosyan’, Ye. Yengibaryan®, K. Avjyan?®, L. Matevosyan?®, A. Khachatryan?
“Heliotechnics” Laboratory of State Engineering University of Armenia, Armenia
?Institute of Radiophysics and Electronics, NAS of Armenia, Armenia

Surface-barrier structures of Sh-pSi and aC-Sb-pSi were fabricated by the vacuum deposition of Sh
(~5 nm) and amorphous carbon (~100 nm) films onto factory quality p-type (>10° Ohm-cm) Si
substrate (500 um) at the room temperature by the using of a Q-switched glass:Nd** laser (1.064 pm
wavelength, 30 ns pulse duration, intensity of ~10° W/cm? in the target irradiation zone). Electrical
properties (current-voltage and capacitance-voltage) of these structures were studied. Current
density-voltage characteristics of fabricated structures were investigated in the dark and under white
light illumination at room temperature. Short-circuit current density Jic =1 mA/cm? and open-
circuit voltage Vo = 0.2 V for Sb-pSi and correspondingly 6 mA/cm? and 0.26 V for aC-(Sb)-pSi
junctions were obtained. The mechanisms of carrier flow across the fabricated junctions were
analyzed.
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P4-2. Hypericin-specified Destruction of Collagen Fibers Revealed by Multiphoton
Microscopy
Ararat Zh. Hovhannisyan', Vladimir A. Hovhannisyan®, Chen-Yuan Dong?
'European Regional Educational Academy, Yerevan, Armenia
“National Taiwan University, Taipei, Taiwan

Collagen is the most widespread structural protein in higher vertebrates. It comprises about 6% of
body weight in mammals and, as an important component of extracellular matrix in tissues,
performs important physiological functions in cell migration, proliferation, differentiation, and
growth. Many kinds of diseases are related to pathological changes of collagen fibers, including
tumorogenesis and metastasis of neoplastic cells, keloid, myocardial infarction, cirrhosis,
pulmonary and other types of fibrosis. The destroying of collagen fibers in controlled manner is of
high importance for biomedicine. Earlier, we showed that hypericin (Hyp), a natural pigment
extracted from plant Hypericum Perforatum (3Bepo0Goii) was capable to penetrate into collagen
fibers and photochemically induce quenching and spectral redshift of collagen fluorescence,
whereas many other photoactive agents like chlorine e6, hematoporphyrin, etc., did not produce
any change in collagen optical properties. Here, using multiphoton microscopy, we show that
hypericin—collagen interaction results partially irreversible destruction of collagen fiber.

Multiphoton, particularly, second harmonic generation (SHG) microscopy with advantages of being
label-free, inherent three-dimensional resolution, lower photodamage, have already proved as
effective approach for quantification of accumulation [2], thermal denaturation [3] and femtosecond
laser destruction [4] of collagen fibers. In the current work, it is shown that the treatment of
collagen fibers by Hyp-ethanol solution for 20-30 min. dramatically decreases in collagen fiber
SHG intensity. After elution of Hyp, SHG signal recovers by 15-20% (See Fig. 1). We believe, that
collagen SHG degradation by Hyp is associated with the hydrogen-bond-breaking and irreversible
destruction of non-centrosymmetric structure of native collagen fibers, and increasing in two-
photon fluorescence can be explained by formation of new fluorescent molecular bonds [4].

Kinetics and optimal condition of collagen fiber destruction by Hyp will be presented.

Fig.1. Multiphoton imaging of collagen fibers from chicken leg tendon. Left fiber was treated with Hyp-
ethanol solution, and right fiber was treated with pure ethanol for 30 min. Green is pseudo-color of
two-photon excited florescence registered in 420-600 nm spectral region, and red is SHG registered in
380-400 nm band. Excitation laser: Ti-Sa femtosecond laser (780 nm, 100 fs, 2 mW, 80 MHz).

[1] D. Yova, V. Hovhannisyan, T.Theodossiou, ‘“Photochemical effects and hypericin
photosensitized processes in collagen”, J. Bomed. Optics, 6(1): 52-57 (2001).

[2] M. Strupler, A.-M. Pena, M. Hernest, et al, “Second harmonic imaging and scoring of collagen
in fibrotic tissues”, Opt. Express 15, 4054-4065 (2007).

[3] V.A. Hovhannisyan, P.J. Su, C.Y. Dong, “Quantifying thermodynamics of collagen thermal
denaturation by second harmonic generation imaging” Appl. Phys. Lett. 94, 233902 (2009).

[4] V. Hovhannisyan, A.A. Ghazaryan, Chen Y.F., etc. "Photophysical mechanisms of collagen
modification by 80 MHz femtosecond laser,” Opt. Express 18(23): 24037-24047 (2010).
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P4-3. Investigation of Metal-dielectric Composite Materials for Excitation of Surface Plasmon
Polariton in Terahertz Range
V.R. Tadevosyan, H.S. Haroyan, A.H. Makaryan, Yu.H. Avetisyan
Yerevan State University, Armenia

Terahertz (THz) waves show great potential in many scientific research and application fields, such
as spectroscopy, free space communication, environmental sensing, imaging for biomedical and
security purposes [1]. Nowadays THz technology moves toward the component integration and it
has become essential to develop THz waveguides with strong subwavelength field confinement and
low losses. In visible and infrared regions the concept of surface plasmon polaritons (SPP) is
commonly used for strong optical field confinement. The SPP is quasi-two-dimensional electro
magnetic excitations, propagating along a dielectric-metal interface and having the field
components decaying exponentially into both neighboring media [2]. In THz region the dielectric
permittivity of metals has large imaginary part which dominates over its negative real part. This
implies that SPP are weakly bound to the surface and can hardly be used for the confinement of
THz radiation [3]. This problem can be overcome by use the materials having plasma frequency
lower than that of metal. One of the promising ways is the use of composite materials, which are
formed by embedding metal particles in dielectric material.

In this report, we focus on mixture of Al, Cu, and Co powders and lacquer. All these materials are
cheap and widely commercially available. Besides the mixture fabrication process is distinguished
by easiness of fabrication and good reproducibility in wide range of the metal filling factor f. The
complex dielectric constants of composite materials were measured by Time Domain Spectroscopy
(TDS) setup in transmittance and reflectance modes in the frequency range 0.1-2.5 THz. We
observe that the metal—dielectric composites show different characteristics, depending on the metal
fill fraction f, that fall into one of three distinct regimes. In the “metallic” regime, in which f is large
(f > 0.6), the composite could support conventional SPP mode (real part of dielectric constant is
negative), but it has high propagation losses and low confinement. In the “dielectric” regime (real
part of dielectric constant is positive), in which f is small (f < 0.4), the composite could not support
any surface modes. In the intermediate “quasi-metallic” regime (0.4 <f < 0.6), the composite
material supports a SPP mode with relatively low propagation losses and strong field confinement,
that is different from that of a “metallic” regime. The measured refractive indexes are compared
with values calculated by effective medium approximation (EMA) model. The experimental and
theoretical results are in good agreement for small values of f < 0.35. At the same time we noticed
disagreement that exists for large values of f. It is probably related to the imperfection of EMA
model and difficulty of homogenous composites fabrication with large metal fill fraction f.

In conclusion it has been demonstrated that fabricated metal-dielectric composites have negative
real part of the effective dielectric permittivity and they can support SPP mode in THz range with
relatively low propagation losses.

This work was partially supported by NFSAT Grant ECSP-09-42 and State Committee of Science
of Armenia.

[1] M.Tonouchi, Nature Photon. 1, 97 (2007).

[2] E. Ozbay, Science 311, 189 (2006).
[3] H. Haroyan, Yu. Avetisyan, M. Tonouchi, Tech. Dig. CLEO, (OSA, 2011), CThN?7.
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P4-4. Investigation of CuO Ceramic Samples Properties before and after Influence of Laser
Radiation
A.S. Kuzanyan®, S.T. Pashayan®, V.T. Tatoyan®, V.R. Nikoghosyan', V.S. Kuzanyan®,
V.H.Vardanyan®, V.M. Nesterov?, S.Kh. Pilosyan?, A.Z. Grasyuk®
YInstitute for Physical Research, NAS of Armenia, Armenia
2p N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

One of the means of changing the microstructure, composition, physical properties of solids and
likewise stabilizing metastable states is the influence of laser radiation. In this work we investigated
the influence of laser radiation on surface morphology, composition and electrical conduction of
copper oxide ceramic samples, which were synthesized under different conditions. Some of them
were covered by copper film and subjected to additional thermal treatment. Laser processing of
crystal surfaces was carried out by the radiation of a YAG:Nd laser’s second and third harmonics.
The X-ray microanalysis of samples was performed by the INCA Energy 300 microanalysis system.
We have studied the temperature dependence of resistivity and the volt-ampere characteristics of
the samples within the 77-300 K temperature range. Starting from certain values of increasing
voltage an avalanche-like increase of current was observed, which does not depend on its direction.
It was discovered that the R(T) dependence of samples changes both by additional thermal treatment
and by influence of laser radiation.
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P4-5. Methods for Pulsed Laser Deposition of Large-area Films Using More than One Target
A.A. Kuzanyan, V.A. Petrosyan, A.S.Kuzanyan
Institute for Physical Research, NAS of Armenia, Armenia

For tackling the new problems arising in modern applied science and hi-tech fields it becomes more
and more important to synthesize new materials in different forms, particularly, in the form of
large-area films and coatings. The pulsed laser deposition method allows one to obtain high-quality
films of semiconductors, dielectrics, metals and alloys of multicomponent compounds. We have
developed special techniques for depositing thin films on rotating disks and translationally-moving
ribbons. In this paper we propose new solutions, which employ more than one target for deposition,
allowing in case of a rotating disk substrate to shorten the deposition duration and in case of a
ribbon substrate — to increase the ribbon width or the speed of depositing a film of the same
thickness. Apart from pulsed laser deposition, the proposed methods are applicable to all methods
of deposition from a point source.
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P4-6. Femtosecond Pulse Compression: Managing and Optimization of the Pulse Asymmetry
A. Grigoryan, G. Yesayan, A. Zeytunyan, L. Mouradian
Yerevan State University, Armenia

Despite the achievements of contemporary ultrafast laser technology, the technique of pulse
compression is of interest till now, especially for generation of few-cycle pulses. In the systems of
pulse compression, the positive parabolic phase obtained in a normally dispersive single mode fiber
iIs compensated by the negative phase obtained in a dispersive delay line [1,2]. However, on the
femtosecond timescale, the high-order nonlinear and dispersive effects are substantially limiting the
pulse compression ratio, and the impact of residual third-order dispersion (TOD) between fiber and
dispersive delay is the most substantial among all high-order effects. In our experiment [3], the
residual phase compensation is carried out using the fact that the signs of TOD in fiber and prism
compressor are opposite. However, such phase compensation limits the parameters of fiber and
prism compressor, and thus, the compression ratio.

We report the results of numerical studies of phase compensation in the pulse compression process
via shaping of asymmetric pulses at the system input. In this case, an effective pulse compression
can be achieved, with a ratio corresponding to the pulse spectral broadening in fiber. This
opportunity is caused by the fact that self-phase modulation in fiber results in a phase given by the
pulse shape. We carry out simulations for fiber lengths around ~0.5 m, and for various types of
asymmetric pulses. We achieve pulse compression ratio of ~10, for the spectral broadening factor of
10, and also compression ratio of ~20 for 26™ spectral broadening for asymmetric pulses at the
system input, in the result of our studies. Thus, the pulse compression efficiency can be increased
by TOD compensation through pulse asymmetry manipulation at the fiber input.

[1] S.A.Akhmanov, V.A.Vysloukh, A.S.Chirkin, Optics of Femtosecond Laser Pulses, AIP, New
York, 1992.

[2] G.P.Agrawal, Nonlinear Fiber Optics, third ed., Academic, 2001.

[3] K.Palanjyan, A. Muradyan, A. Zeytunyan, G. Yesayan, and L. Mouradian, “Pulse compression
down to 17 femtoseconds by generating broadband similariton,” Proc. SPIE 7998, 79980N
(2010).
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P4-7. Relativistic Formulation of Moiré Fringes for Moving Periodic Structures
F. Bayat’, S. Rasouli?, M. Mahmoudi , S. Ghanbari'
University of Zanjan, Iran
?Institute for Advanced Studies in Basic Sciences, Zanjan, Iran

When two periodic patterns are superimposed, moiré pattern is generated. The moiré bands will
move if we displace the revealing layer. When the revealing layer moves perpendicularly to layer
lines, the moiré bands move along the same axis, but several times faster than the movement of the
revealing layer.

We study the effect of moving grating on the moiré fringes. We assume one of grating moves,
respect to another one, with relativistic speed. The obtained moiré fringes are formulated according
to the relativistic theory of light. The moiré fringes of such moving grating are studied and it is
shown that, for relativistic velocity of grating, the displacement of moiré fringes happens with a
speed higher than the velocity of light in vacuum. Moreover, it is demonstrated that the moiré
fringes displacement depends on the relative direction of gratings as well their step difference.
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P5-1. Controlling the Negative Refractive Index in a Four-level Atomic System via Applied
Fields

N. Zolghadri, M. Sahrai
University of Tabriz, Iran

We propose a scheme for realizing negative refractive index [1] in a four-level atomic system. It is
shown that the negative refractive index can be achieved in a wide frequency band based on the
effect of quantum coherence [2,3]. It is also found that the single-negative index material can be
converted to double-negative index material just via the intensity of coupling field. The two
coherent coupling fields creates atomic coherence, and the weak probe field drives transition
1) —14).

Fig. 2 shows the real parts of permittivity and permeability versus the probe field detuning. It can be
realized that the real part of permittivity is negative for different values of Rabi frequency Q. For
Q =3y the permeability is positive, while it changes to negative as Rabi frequency changes to
Q =4y, and back to positive for =5y. So for single negative refractive index can be changed to
double-negative index just by adjusting the intensity of coupling field.
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Fig. 2. The real parts of permittivity and permeability as a function of the of probe field detuning.

The selected parameters are: =0.01y,Q, =0.1y,N =2.5x10°m> T, =T, =»,I', =", =T, =05y
and y =27x5.746x10°Hz.

[1] V. G. Veselago, Sov. Phys. Usp. 10 (1968) 5009.

[2] J. Q. Shen, J. Almlof, S. He, Appl. Phys. A 87 (2007) 291.
[3] H. Zhang, Y. Niu, S. Jin, R. Li, S. Gong, Chin. Opt. Lett. 5 (2007) 222.
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P5-2. Controlling the Probe -absorption and -dispersion via Quantum Interference from
Incoherent Pumping Field in the Four-Level Atomic System
R. Nasehi*?, H. Hamedi®, M. Memarzadeh®, M. Sahrai’, J. Poursamad?
'University of Tabriz, Iran
“University of Bonab, Iran

We investigate the dispersion and the absorption behavior of a four-level A-type atomic system via
atomic coherence induced by spontaneous decay and incoherent pump processes (Fig. 1). The effect
of quantum interference arising from spontaneous emission and incoherent pumping field on light
propagation is then discussed. Here, the probe absorption and dispersion from two fold lower-levels
to upper level can be understood by two dressed states created by a strong coupling field [1,2]. Both

the lower levels|1),|2), and upper level |3) are coupled by a weak probe laser field. An incoherent
pump field & pumps the system from two lower levels [1) and |2) to upper level |3) with the

pumping rates r, and r,. In addition, level |4) is coupled to the upper level |3) by a coherent coupling

laser field. A typical absorption and dispersion curves are displayed in Fig. 2. It can be realized that
the slope of dispersion can be changed from negative to positive as the interference parameters
change from 0 to 1. We also find that probe absorption changes to probe amplification.

2)

n

-1
~10 -5

Fig. 2. Real and imaginary parts of susceptibility (a, b) versus probe field detuning for the
parameters y, =y, =2y,y,=01y,Q, =Q, =Q_ =001y,Q =15y, 6, =0, @, =2y,

L=r,=1y,k=0(a) and k =1(b).

[1] X. Zhang, L. Liu, Optik, 122, 177 (2011).
[2] M. Sahrai, R. Etemadpour, and M. Mahmoudi, Eur. Phys. J. D 59, 463 (2010).
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P5-3. The Effect of Electric and Magnetic Fields on the Bound Polaron States in the
Cylindrical Quantum Wire with Finite Confining Potential
Abbas Shahbandari
Yerevan State University, Armenia

The great progress in the last years of modern technologies in crystal growth has motivated studies
of low dimensional semiconductor structures such as quantum well wires (QWWS). An
understanding of the phonon modes effects, nature of impurity states and fields effects in
semiconductor structures is one of the crucial problems in semiconductor physics [1-4].

In this paper we study the hydrogenic impurity binding energy in cylindrical quantum well wire
including both barriers of finite height and applied electric and magnetic fields are studied with
taking into account phonon confinement effect. The polaron effects on the ground-state binding
energy are investigated by means of Landau-Pekar variation technique [5]. It has been shown that
the polar optical phonon confinement leads to a considerable enhancement of the polaron effect and
these corrections increase with increasing of applied fields. The results of the polaronic effects on
the binding energy are obtained as a function of the applied electric and magnetic fields for different
positions of the impurity.

[1] G. Fsol, M.Tanaka, H.Sakaki, Y.Horikoshi, Phys. Rev. B 38, (1988) 6056.

[2] M. Watt, C.M.S.Torres, H.E.G.Arnot, S.P.Beaumont, Semicond. Sci. Techno 15, (1990) 285.

[3] SeGi.Yu,V. B. Pevzner,K.W.Kim and M.A.Stroscio Phys. Rev. B 58 (1998)3580.

[4] R. L.Kubena ,R.J.Joyce , J.W.Ward,H. L.Garvin ,F.P.Starton and R.G.Bralt Appl. Phys. Lett. 49
(1987)1059.

[5] L. D. Landau, S. I. Pekar, Zh. Eksp, Fiz Teor 16 (1946) 341.
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P5-4. Giant Kerr Nonlinearity via Interacting Dark Resonance States
H. Hamedi!, M. Sahrai', M. Memarzadeh?, R. Nasehi?, J. Poursamad?®
YUniversity of Tabriz, Iran
2University of Bonab, Iran

The linear and nonlinear response of a driven four-level A -type atomic system with two fold lower-
levels is investigated. It is shown that the interaction of double dark resonance states lead to
enhancement of Kerr nonlinearity. It is also found that the linear and nonlinear absorption property
of the medium can significantly be modified via interacting dark resonance states. Therefore,
enhanced Kerr nonlinearity without absorption occurs for certain probe field detuning. In addition,
the effects of controlling parameters such as relative phase between applied field, and the intensity
of driving fields on linear and nonlinear absorption as well as Kerr nonlinearity are then discussed.
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P5-5. Optical properties of four level medium via spontaneouslly generated coherence
Seyyed Hossein Asadpour®, Hamed Mahrami 2, Hamid Reza Hamedi*, Mostafa Sahrai*, Rasoul
Sadighi-Bonabi®
'University of Tabriz, Iran
“University of Bonab, Iran
*Sharif University of Technology, Iran

In this paper, we investigated phase effect of spontaneously generated coherence (SGC) on transient
and steady state behavior of weak probe field in Y-type four-level atomic system in the presence of
two coupling fields. It is found that the probe absorption can be vanished and converted to probe
gain in the absence of population inversion. Also it is shown that relative phase between couplings
fields can influence the probe gain. Moreover, it is investigated that dispersion slope can be
changed from positive to negative via spontaneously generated coherence.

Consider a four-level Y-type atom as shown in Fig.1. A pump laser field with frequency v, and
Rabi-frequency Q, = g,,.E, /A drives |3) —|2) transition. Another coupling laser with frequency

v, and Rabi-frequency Q, = ,,.E, /7 is applied on the transition|2) —|4). A probe laser with
frequency v, and Rabi-frequency Q_ = g,,.E, /A drives |2) —|1) transition. The spontaneous decay

rates from levels |1) and |4) to level |2) are denoted by 2y, and 2y . Corresponding decay rate from
|2) to |3) is also denoted by 2y, .

T &
""""""" \ : 4
27,
/

Q Q

3)

Fig. 1.
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P5-6. Absorptive and Dispersive Properties of Four-Level Tripod Atomic Medium via
Incoherent Pumping Field
Seyyed Hossein Asadpour®, Hamed Mahrami?, Hamid Reza Hamedi*, Mostafa Sahrai*, Rasoul
Sadighi-Bonabi®
YUniversity of Tabriz, Iran
2University of Bonab, Iran
*Sharif University of Technology, Iran

In this paper, the effect of incoherent pumping field on absorption and dispersion of a weak probe
field is investigated. It is shown that incoherent pumping field can reduce the absorption spectrum
and change the slope of dispersion from positive to negative. Therefore, group velocity of light
pulse can be controlled from subluminal to superluminal just by coherent and incoherent pumping.
Also, it is found that probe absorption or amplification without population inversion depends on
intensity of incoherent pumping.

Model
The conserved atomic system, i.e. there is no decay to states outside this system, and is shown in

Fig.1, which can exhibit double electromagnetically induced transparencies. Three lower states |1>
|2) and |3) are coupled near-resonantly to the excited state |4) by the probe field with carrier
frequencies v, and Rabi-frequency Q, =E, - g,,/, the control field with frequency v, and Rabi-
frequency Q, =E,-,,/h and the another control fields with frequency o, and Rabi-frequency
Q,=E,-p,/h. Here o, are the atom dipole moments and E,3 (E;) are the amplitude of the
coupling (probe) fields. y,,, »,, and y,, denote the population relaxation decay rates from the
excited state |4) to the lower states [1), |2) and |3), respectively. The transition |1) —|4) is also
pumped by an incoherent pumping field with pumping rate r.

Fig. 1.
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P5-7. The Disordering Effect on the One-Dimensional Aperiodic Optical Superlattice in
Multi-Frequency SHG
Majid Nemati
Yerevan State University, Armenia

The phase dependence between interacting waves in the parametric processes of nonlinear optics
area is important so that the phase balance plays a significant role on the output efficiency of the
process. The phase balancing in nonlinear optics is called phase-matching. Sometimes, the
wave-vector mismatch appears as an oscillating phase that averages out the outing waves which is
called “phase mismatch.” There are different methods for satisfying phase-matching condition,
including birefringence and quasi-phase-matching (QPM). QPM is a technique for phase matching
nonlinear optical interactions. In this method the relative phase is corrected at regular intervals
using a structural periodicity built into the nonlinear medium. Recently, multi-frequency (MF)
second harmonic generation (SHG) process in aperiodic optical superlattice (AOS) is considered as
a new source of frequencies. The effect of presence of linear domains in the nonlinear optical
superlattice in SHG process is studied [1,2]. Different optimization methods are used to design
AOS structure in parametric processes. One of the appropriate algorithms is simulated annealing
(SA) [3]. There are various parameters which have effects on the output efficiency of the process
one of which is fluctuation in length of layers of AOS. Therefore, the effect of the additional
random length on the output efficiency is analyzed by considering linear-nonlinear AOS. In this
article we introduce a combination of linear and nonlinear domains in AOS which is called PZNZ
(+, 0, =, 0) model. By considering the random lengths for each domain and using the second
harmonic field in SHG and SA method the SHG system efficiency rises by increasing the number of
the segments. Also increasing fluctuation in length of domains tends to decrease of output
efficiency and presence of linear media improves the output efficiency (Figure 1).

02 0.2
£ (3 A A A a A (c) A
off A eff 4 3l 1" |
0 Pl Pt 045 ol ey g ) b
0.15
0.4 04
04
005 0.05 0.05
b5 1 12 14 15 05 1 12 14 18 05 1 12 14 18
Am) e A(m) gt a(m) g

Fig.1. The behavior of the reduced effective nonlinear coefficient in constructed fluctuated AOS
structure in PZNZ model. (a) The assumed amount of fluctuation is 5% of each domain’s designed
length; (b) The assumed amount of fluctuation is 10% of each domain’s designed length; (c) The
assumed amount of fluctuation is 20% of each domain’s designed length. The assumed length of
nonlinear and linear segments are |, =3umand |, = 0.1um respectively and horizontal axis’s

interval is 0.00016 gm.

[1] G. Kryuchkyan and D. Antonosyan, “Problems of modern optics and photonics: Atoms and
structured media”, World Scientific, Singapore, 131-150 (2010).

[2] M. Rezaei, R. Kheradmand, G. Yu. Kryuchkyan and M. Nemati, “The effect of ferroelectric
domain disordering on the second harmonic generation,” J. Nonlinear Optical Physics &
Materials. 20, 23 (2011).

[3] S. Kirkpatrick, C.D. Gelat, and M. P. Vecchi, “Optimization by simulated annealing,” Science,
220, 671 (1983).
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P5-8. Multi-frequency SHG Process in the Presence of Disordered Two-dimensional
AJoeriodic Optical Superlattices
N. Sang Nour Pour? M. Nemati**® M. Goalipour', R. Kheradmand?, M. Rezaei', G. Kryuchkyan®
'Department of Theoretical Physics, Faculty of Physics, University of Tabriz, Tabriz, Iran
“Research Institute for Applied Physics and Astronomy, University of Tabriz, Tabriz, Iran
3Yerevan State University, Yerevan, Armenia

Second harmonic generation (SHG) in layered structures in nonlinear optics is one of the significant
processes. The output efficiency for new produced frequencies critically depends on the phase-
matching between interacting waves. Different phase-matching (PM) methods are performed
including birefringence and quasi-phase-matching (QPM). In QPM method phase matching in
optical interactions is corrected at regular intervals using periodic structures built in the nonlinear
medium. Recently, multi-frequency (MF) SHG process in aperiodic optical superlattice (AQS) is
considered as a new source of frequencies [1]. MF is the process in which more than one frequency
in the output of AOS on the SHG process is achievable. Two-dimensional optical superlattice
maintain PM condition in nonlinear interactions, therefore two-dimensional aperiodic optical
superlattice (2-DAQOS) can be used as a source of MF processes [2]. Different optimization methods
are used to design AOS in optical parametric processes. One of the appropriate algorithms in this
case is simulated annealing (SA) [3]. With the help of SA method we can design optimized
2-DAOS to have new SH frequencies in SHG. Various parameters have effects on the output
efficiency of the process, one of which is fluctuation in length of layers of AOS. Therefore, in this
paper the effect of the additional random length on the output efficiency is analyzed in nonlinear
AOS. By considering, the random lengths for each domain and using the second harmonic field in
SHG and SA method, the effect of fluctuation in length of layers on the SHG efficiency is studied
which investigates a decreased output efficiency. Also, by increasing the number of the segments
the output efficiency of fluctuated structure increases.
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[1] B. Y. Gu, Y. Zhang, B. Z. Dong, “Investigations of harmonic generations in aperiodic optical
superlattices,” J. Appl. Phys. 87, 7629-7637 (2000).

[2] L. Chen, X. Chen, Y. Chen, and Y. Xia, “Multiple quasi-phase-matching in two-dimensional
domain-inverted aperiodic optical superlattice” Phys. Lett. A. 349, 484-487 (2006).

[3] S. Kirkpatrick, C.D. Gelat, and M. P. Vecchi, “Optimization by simulated annealing,” Science,
220, 671 (1983).
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P5-9. Optical-theorem-based Study of Perturbative Scattering in N Dimensions
Levon Hovakimian
Institute of Radiophysics and Electronics, NAS of Armenia, Armenia

According to wave-mechanical theory of elastic collisions in N-dimensional space [1], the
scattering solution of the Schroedinger equation can be represented in the asymptotic region as a
superposition of the incoming plane wave and the outgoing hyperspherical wave. Within the
framework of the Born approximation, the low-energy (E — 0) structure of the scattering amplitude,
feorn(N, E), has been previously studied for higher dimensions (N >2) [2] on the basis of the
Lippmann-Schwinger equation and Green’s function technique. In the present contribution, the
objective is to show how the properties of fgorn(N > 1, E) can be obtained by utilizing the
information encapsulated in the N-dimensional version of the optical theorem [3]. In contrast to
prior findings [2], our results reveal that the structure of fgorm (N, E) obeys the constraints [4], which
are imposed on the perturbative scattering process by isometric property of the S-matrix. We also
discuss the changes occurring in the low-energy behavior of the Born-scattering cross-section in
higher dimensions.

[1] S.-H. Dong, Wave Equations in Higher Dimensions (Springer, New York,2011).
[2] D. Wyler, N. Rivier, and H. L. Frisch, Phys. Rev. A 36, 2422 (1987).

[3] L. J. Boya and R. Murray, Phys. Rev. A 50, 4397 (1994).

[4] L. B. Hovakimian, Phys. Rev. A 72, 064701 (2005).
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P5-10. Quantum Description of Unstable Behaviour of Intracavity Third Harmonic
Generation Process
M.S. Gevorgyan', S.T. Gevorgyan®
"Moscow Institute of Physics and Technology, Russia
“Institute for Physical Research, NAS of Armenia, Armenia

We study the quantum dynamics of the number of photons of the interacting modes, the dynamics
of the quantum entropy, as well as the Wigner function of the states of the fundamental and the
third harmonic modes for the process of intracavity third harmonic generation.

It is shown that the quantum dynamics of the system strongly depends on the external resonant
perturbation of the fundamental mode and on the coupling coefficient of the interacting modes.

In the region of long interaction times, the modes of the field can be both in stable and in unstable
states — depending on the above mentioned quantities. We also investigate the dynamics of
transition of the system from stable to unstable state. It is shown that the third harmonic mode can
localize in different unstable states with strongly different Wigner functions — depending on the
coupling coefficient.
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P6-1. Investigation of Exciton-LO-phonon Interaction in Semiconductor QDs
S. Saeed Nahaie, S. Shojaei?, A. Asghari?, K. Agdami®
Payame Noor University, Urmia, Iran
2University of Tabriz, Iran
sPayame Noor University, Miandoab, Iran

In recent years quantum dots systems have been attracted much attention because of their
advantages in optical and electrical properties. The optical properties of such devices are mostly
affected by excitonic effects because of their small size. In this paper, the interaction between
exciton, electron and LO phonon have been investigated in QD nanostructures. For this propose, we
supposed an exciton which is confident perfectly in the spherical QD s with a radius of R and high
frequency dielectric. The sphere is surrounded by the nonpolar matrix with dielectric constant of
(Eq). To calculate the binding energy, the electron—-LO phonon and the exciton—LO phonon
coupling, the Hamiltonian for electron exciton and phonon are introduced, then with using the
intermediate coupling and variational method the energy and wavefunction for as function of QD
radius are obtained. The obtained results are emphases that the size dependence of these couplings
plays important roles in optoelectrical properties. As shown in the figures with increasing the
radius, the electron—LO phonon coupling becomes larger and the exciton—LO phonon coupling
becomes smaller and eventually vanishes in the small dot. These results are examined for valid for
most of the materials.
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Fig. 1. The dot radius of exciton—LO phonon for GaAs. Fig. 2. The dot radius of electron—-LO phonon for GaAs.

[1] K. Oshiro, K. Akai, M. Atsura, "Polaron in spherical quantum dot embedded in a nonpolar
matrix", Phys. Rev. 58 (1998), 7986.

[2] K. Oshiro, K. Akai, M. Atsura, "size dependence of polaronic effects on an exciton in a
spherical quantum dot", Phys. Rev. 59 (1999), 10850.

[3] X. Wen-Fnag and Z. Wu, “Effect on the Electron-Lo-Phonon coupling on an Exciton quantum
dot”, Commun. Theor. Phys. 38 (2002),375-378.
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P6-2. Determining the Nonlinear Coefficient of Gold and Silver Nanocolloids Using SPM and
Z-scan
Hamid Nadjari', Zahra Abasi Azad?
'University of Zanjan, Iran
?Islamic Azad University Central Tehran Branch, Iran

Nonlinear and thermo optical properties of the gold and silver nanocolloids were investigated using
CW Z-scan experiments. Sign of nonlinear refraction coefficient of colloids are negative at this
condition. Negative sign implying thermal self-defocusing is the most important mechanism of
nonlinearity in our experiments. Diffraction pattern shows that nonlinear refraction of gold nano
colloid must be at least 3 times greater. The linear and nonlinear absorption coefficient of gold nano
colloid and silver nano colloid is determined to be 0.9 cm™, 2.3x10° c¢cm/W and 0.22 cm™,
1.9x10™ cm/W respectively. These values produce temperature changes of about 90 K in gold nano
colloid and 10 K in silver nano colloid at focus. Thermo-optical constants of samples are
determined at low and high temperature changes at focus.
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P6-3. Low temperature Study of an Organic/inorganic Complex Based on PbBr,
Hossein Ghanbari Ghalehjoughi, Reza Kheradmand, Sohrab Ahmadi Kandjani
University of Tabriz, Iran

In this paper the luminescent functional crystal was produced by the organic guest molecule
intercalation in the inorganic host crystal matrix. Firstly inorganic host/organic guest hybrid crystals
were successfully prepared. Bands to band absorption peak at 352 nm, as well as a strong green
photoluminescence emission at 532 nm were observed at room temperature. The luminescence
spectra obtained from photoluminescence measurement at temperatures from 10k to 285k with 5k
steps were investigated. The organic/inorganic hybrid powder was excited by 364 nm UV radiation.
The emission intensities of fluorescence spectrum were significantly different at different
temperatures and decreased by increasing the temperature. By decreasing the temperature of sample
from room temperature to 11Kk, the position of photoluminescence peak wavelength showed a blue
shift about 20 nm. Our spectroscopic investigations showed the hybrid has two different emission in
blue and green area depends on excitation wavelength.
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P6-4. IIpsimoe MeK30HHOe NMOTJIOLeHHE CBeTa B chepuyecKoii KBAHTOBOM TOYKe C
OrPAHUYHUBAKIIUM MOAUPUIUPOBAHHBIM NOTeHIHAIOM [lenuis-Tesepa
O. Tesocan, /I.b. Aupanemsan, K.I'. [leosn, 3.M. Kazapsn
Poccuiicko-Apmsackuii (CrnaBsSHCKHIA) YHUBEPCUTET

WccrenoBaHbl SHEPTETUYECKHE YPOBHU U MPSAMOE MEXK30HHOE IMOIJIONICHHE CBETa B
chepudyecKkoil KBAaHTOBOM TOYKE C OTPAHUYUBAOIINM  MOAUPUIINPOBAHHBIM
noreHimanmoM  Ilemus-Tennepa. [lomydeHbl  aHanMUTHYECKHE  BBIPAXKCHUS — JUIS

OHCPICTUYCCKOIO CICKTpa 4YaCTHObI W TPAHUYHBIC YACTOTHI IIOTJIOIICHUA. BrrsiBiaensl
IIpaBHJIa 0T60pOB JJI1 KBAHTOBLIX IICPCXOJ0B.
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P6-5. Absorption Threshold Frequencies and Stark Shift in Narrow Gap InSb Spherical
Quantum Layer
E.M. Kazaryan', A.A. Kirakosyan?, V.N. Mughnetsyan®, H.A. Sarkisyan'?
'Russian-Armenian (Slavonic) University, Armenia
®Yerevan State University, Armenia

The experimental realization of layered and ring-like semiconductor nanostructures makes it
possible to consider a range of solid state quantum mechanical problems in which electronic,
optical, and other characteristics of such systems are observed [1,2].

In the present work the electronic states, absorption threshold frequencies and the Stark shift in
narrow band InSb spherical nanolayer are considered in the framework of Kane’s dispersion low.

The electron and light hole dispersion law in narrowband InSb nanolayer is considered in the two-
band approximation model [3,4]:
E= «/ p’s* —m?s* —ms?, (1)

where s is the parameter of non-parabolicity (s~10°cm/s), m is the effective mass of the electron
in InSb (m=0.015m,). For the model of infinitely high potential barriers the wave function and the
energy spectrum are defined from the equation:

(p*s* +m’s")y = (E—ms*)’y )

with the boundary conditions
v(R,8,0)=y(R,,8,¢)=0, ©)

where R, is the inner (outer radius) of SQL.

In the presence of external electric field and when the radial quantization degree is much more than
the angular one the only coupling between the states 1s and 1p may be taken into account and the
following expression for the energy levels is obtained [4]:

ElS + Elp 1 2 ’ 2
Els(lp) :T_(+)§\/(Els - Elp) +4| Hlslp | ) (5)
where
|Higp = (Fey U fi(r) flp(r)rsdr] (6)

is the square of the matrix element between two states, E,,, and f,, (r) are the energy and the
radial wave function of the first (second) state in the absence of electric field.

[1] Lorke, A.; Johannes L. R.; Govorov, A.O.; Kotthaus, J.P.; Garcia, J.M.; Petroff, P.M., Phys.
Rev. Let., 84, pp. 2223-2226 (2000).

[2] Chakraborty, T., Advances in Solid State Physics, 43, pp.79-94 (2003).

[3] B.M. Askerov, Electron Transport Phenomena in Semiconductors, World Scientific, Singapore,
1993.

[4] Zoheir, M.; Manaselyan A.; Sarkisyan H.A.; Phys. E, 40, pp. 2945-1949 (2008).
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P6-6. Optical Sensitivity of Noble Metal Nanorods
T. Makaryan®, A. Melikyan?, H. Minassian®
YYerevan State University, Yerevan, Armenia
’Russian-Armenian (Slavonic) University, Armenia
’A.1. Alikhanyan National Laboratory (Yerevan Physics Institute), Armenia

Position of the surface plasmon (SP) resonance in the metal nanoparticles depends on the geometry
of the particles as well as on refractive index of immediate environment. In this respect the noble
metal nanorods are of special interest since they exhibit sharp dependence of the SP frequency on
aspect ratio. This circumstance turns out to be important, since a small change of refractive index of
the surrounding caused by presence of e.g. biomolecules in the vicinity of nanorod leads to a
significant shift of the resonance longitudinal frequency.

Recently we have introduced an approximate analytical method for calculating longitudinal SP
frequency of nanorod as a function of aspect ratio, refractive index of environment and the
dielectric function of bulk metal [1]. In this communication we further develop this theory in order
to provide a method for determining the optimal aspect ratios of nanorods for application in
biosensorics. The method is based on the calculation of sensitivity of the SP frequency in response
to changes in the refractive index of the surrounding allowing to determine the optimal value of the
aspect ratio for the given metal. We performed numerical calculations based on the discrete dipole
approximation that did not show any noticeable deviation from our analytical results.

Obtained formula demonstrates excellent agreement with the results of numerical calculations with
use of the boundary element method [2] and confirms the idea of using nanorods as sensors in one-
molecule biophysics.

[1] A. Melikyan and H. Minassian. Chem. Phys. Lett., v. 452, pp. 139-143 (2008).

[2] J. Becker, A. Triigler, A. Jakab, U. Hohenester, C. Sonnichsen. Plasmonics, v.5, pp. 161—
167(2010).
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P6-7. Electric Field Tuning of the Band Gap in Four Layers of Graphene with Different
Stacking Order
A. Avetisyan®, B. Partoens?, F.M. Peeters®
Yerevan State University, Armenia
“University of Antwerpen, Belgium

Graphene is a two-dimensional (2D) crystal of carbon atoms packed into a hexagonal lattice with a
k-linear Dirac-like spectrum of charge carriers. The fabrication of single and multilayers of
graphene stimulated the investigation of the electronic, optical, and transport properties of such
graphene systems [1].

A serious draw-back of the use of a single layer of graphene for electronics is the observation of
gapless nature of the graphene spectrum. Theoretical and experimental investigations have shown
that this difficulty can be overcome by using a perpendicular electric field applied to bilayer
graphene [2]. This allows the opened energy gap between the valence and conduction bands to be
tuned from zero to midinfrared energies. Electrical tunable energy gap systems are of interest not
only from a fundamental point of view, but also for possible applications in electronics (e.g., for
transistors) and photonics (i.e., wavelength tuning of a laser or on optical detector).

Recently, we investigated three as well as four layer graphene systems in the field of top and back
gates which allows to control independently the density of electrons on the graphene layers and the
Fermi energy of the system [3].

Multilayers of graphene can be stacked differently depending on the horizontal shift between
consecutive graphene planes, leading to very different electronic and optical properties. The Bernal
stacking (ABA), which has hexagonal symmetry, is common and stable, but some parts of graphite
can also have rhombohedral stacking (the ABC). In [4] we studied electric field induced band gap of
multilayers of graphene with different ways of stacking. We found that the gap for trilayer graphene
with the ABC stacking is much larger than the one for the ABA stacking. Similarly for four layers of
graphene the energy gap also strongly depends on the choice of stacking and is smallest in case of
Bernal stacking.

In the present paper we extend our earlier investigations and study the band structure of four layer
graphene systems with ABBA, ABCB and ABAA stackings in the presence of top and back gates.

We found that a large gap (about 100 meV) can be opened in the ABBA and ABCC systems by
tuning of the gate potentials. In contrast, we obtained that multilayer graphene which contains a
trilayer with the ABA Bernal stacking does not exhibit any opening of an energy gap.

We use a tight-binding approach within a self-consistent Hartree approximation to calculate the
induced charges on the different graphene layers.

[1] K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, M. I. Katsnelson, 1. V. Grigorieva, S. V.
Dubonos, and A. A. Firsov, Nature (London) 438, 197 (2005).

[2] E. V. Castro, K. S. Novoselov, S. V. Morozov, N. M. R. Peres, J. M. B. Lopes dos Santos, J.
Nilsson, F. Guinea, A. K. Geim, and A. H. Castro Neto, Phys. Rev. Lett. 99, 216802 (2007).

[3] A. A. Avetisyan, B. Partoens, and F. M. Peeters, Phys. Rev. B 80, 195401 (2009).

[4] A. A. Avetisyan, B. Partoens, and F. M. Peeters, Phys. Rev. B 81, 115432 (2010).
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P6-8. Optical Properties of a Shallow Donor near Semiconductor-metal Interface
Anahit Djotyan
Yerevan State University, Armenia

The investigation of the energetics of dopant atoms in nanoscale devices and near different
interfaces is a very important topic of research in recent years. Dopant atoms provide free carriers in
the conduction band or the valence band, respectively. Therefore the binding energy is of crucial
importance to characterize a dopant atom. In order to measure the binding energy of dopants as a
function of the device dimensions [1-3] experimental efforts have been taken.

On the other hand, today dopant atoms could be used as the functional part of a device instead of
just providing charges. An example is the proposal of Kane [4] to use donor states as qubits. Due to
further miniaturization of semiconductor devices the dopant atoms appear closer and closer to
interfaces and correspondingly the study of such impurity states becomes a problem of fundamental
interest.

The energy spectrum of a donor located near a plane semiconductor/metal interface was
investigated in Ref. [5] using the finite element technique. In our previous work [6] we investigated
the lowest electronic states of a donor located near a semiconductor-insulator-metal plane interface
within the effective mass approximation. The lowest energy states were obtained using a variational
approach, which takes into account the influence of all image charges that arise due to the presence
of the metallic and the dielectric interfaces. The results were compared with a numerical exact
calculation using the finite element technique and a good agreement was obtained.

The investigation of optical properties of shallow donor near different interfaces is of great interest.
In this work on the basis of the results obtained in [6] we study the intraband light absorption
between lowest energy states of a shallow donor near semiconductor-metal interface.

[1] H. Sellier et al., Phys. Rev. Lett. 97, 206805 (2006).

[2] G. P. Lansbergen et al. (to be published).

[3] S. Perraud et al., Phys. Rev. Lett. 100, 056806 (2008).

[4] B. E. Kane, Nature (London) 393, 133 (1998).

[5] A.F. Slachmuylders, B. Partoens, F.M. Peeters, and W. Magnus, Appl. Phys. Lett. 92, 083104,
(2008).

[6] Y. L. Hao, A. P. Djotyan, A. A. Avetisyan, and F. M. Peeters, Phys. Rev. B 80, 035329 (2009).
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P6-9. The Influence of the Spin-orbit Interaction on the Moving Polaron in a Semiconductor
Nanostructure in Electric and Magnetic Fields
A.L. Vartanian, K.A. Vardanyan, A.A. Kirakosyan
Yerevan State University, Armenia

In this paper, the Lee-Low-Pines unitary transformation method was used to study the properties of
the moving polaron considering the influence of Rashba effect, which is brought by the spin—orbit
interaction, in the semiconductor nanostructure in the presence of electric and magnetic fields.
Numerical calculation on the GaAs, as an example, is performed. The expressions for the
self-energy and the effective mass of the polaron as a function of the vibration frequency, the
velocity, the coupling constant and the electron density were derived. Numerical results show that
the total effective mass of the polaron is composed of two parts, one part is caused by the Rashba
effect and the second term is induced by the electron and LO phonon interaction.
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P6-10. The Effect of Screened Coulomb Interaction on the Optical Properties of EuS/PbS/EuS
Finite Confining Quantum Well
K.H. Aharonyan’, E.M. Kazaryan®
'State Engineering University of Armenia, Armenia
“Russian-Armenian (Slavonic) University, Armenia

The model to investigate of optical properties of realistic EuS/PbS/EuS finite confining potential
quantum well (QW) systems in presence of quasi-two-dimensional (Q2D) electron gas (EG)
developed theoretically [1].

A variational approach for the study of influence of exciton effects on the interband absorption
spectra of lead salt QW system in presence of Q2DEG has been implemented. A strong contrast of
available material parameters across the QW interfaces and characteristic band-nonparabolicity
effect of lead salt semiconductor are taken into account. An appropriate Q2D statically screened
long-wavelength potential function [2]

2e? 2
Vs(p)=-— Ko(,/ 35 pj

has been used in first time, where K is the modified Bessel function of the second kind, p(X,y) is
an in-plane 2D distance between the charges, &, is the QW material static dielectric constant, Qg is
the 2D screening parameter and q is the 2D in-plane wave vector, d is the QW width.

By using the-cut-off Coulomb potential method [3,4] the analytical expression for the factor S
determining the contribution of exciton effects to the optical absorption are obtained. It is shown,
that screened exciton factor oscillates spatially depending from the screening length. A firm
dependence of from QW width makes exciton factor strongly enhanced for the thin enough QW’s,
thus indicating the necessity of taking into account the screening in optical absorption.

[1] K.H. Aharonyan, 2011 Physica E 43 1618 ; 2011 Proc.SPIE 7998 79981D1
[2] Rytova N S 1967 Vestnik Moscow Univ. 3 30

[3] G. L. Bir, G. E. Picus and A. S. Skal , 1974 Sov. Phys. Semicond. 8 1096

[4] K.H. Aharonyan, E. M. Kazaryan, 1983 Thin Solid Films 105 149
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P6-11. The Optical Properties of Pulsed Laser Deposited Amorphous Ge Films
Arsen Mkrtchyan
Institute of Radiophysics and Electronics, NAS of Armenia, Armenia

Amorphous Ge films (thickness 25-450 nm) were obtained on the glass substrates at room
temperature by the vacuum (3-10° mm Hg) pulsed laser (Q-switched glass:Nd** laser: wavelength
— 1.06 pm, pulse duration — 30 ns, intensity in the Ge target irradiation zone — ~10° W/cm?)
deposition method in a non-equilibrium conditions of growth. The optical properties of fabricated
films were studied in the range of 400-1000 nm using a spectrometer Filmetrics F20. It is shown
that the optical properties of the films explained by Tauc model for amorphous semiconductors. It
was also established that the band gap of films depends on the thickness.
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P6-12. Raman Spectra and Structural Transformations in Nickel-Carbon Nanocomposites
A.A. Mirzakhanyan, A.S. Manukyan, T.K. Khachatryan, G.R. Badalyan, E.G. Sharoyan
Institute for Physical Research, NAS of Armenia, Armenia

Magnetic Ni,/C nanocomposites with 0 < x < 0.03 have been synthesized by solid-phase pyrolysis
of phthalocyanines. Structure, composition and magnetic properties of prepared samples were
investigated by scanning electron microscopy, X-ray diffraction, electron magnetic resonance and
Raman spectroscopy. It is shown that in Ni,/C nanocomposites at x ~ 0.01 a structural
transformation occurs which leads to essential changes in X-ray diffraction, Raman spectra and
electron spin resonances.
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P6-13. Influence of Color Centers on Spectral Properties of Ce*" lons in YAG:Ce Crystals
T. Butaeva®, I. Gambaryan', K. Ovanesyan®, A. Petrosyan®,
M. Mkrtchyan®, C. Dujardin®, C. Pedrini®
'Institute for Physical Research, NAS of Armenia, Armenia
?A.1. Alikhanyan National Laboratory (Yerevan Physics Institute), Armenia
3Université de Lyon, Université Lyon 1, CNRS, Laboratoire de Physico-Chimie des Matériaux
Luminescents, Université de Lyon, Villeurbanne Cedex, France

Influence of color centers on spectral properties of Ce®" ions in Ce-activated single crystals of
yttrium-aluminum garnet is studied. Interactions between color centers and Ce®* ions have been
considered taking into account the effects induced by y-irradiation. Existence of displaced positions
of Ce* ions in the crystal lattice is shown. The observed changes of the luminescence band
wavelength of Ce** ions (4f°5d" — 4f'5d° transition) are discussed with account of the spectrum

taken on a ceramic sample.

The work is carried out in the frame of the IRMAS research programs and in the frame of the
Crystal Clear collaboration.
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P6-14. Comparison of Optical Properties of LUAG:Pr and LUAG:Pr(Sc,Hf) Scintillation
Crystals Grown by the Bridgman Method
M. Derdzyan®, K. Ovanesyan®, A. Petrosyan’, R. Sargsyan', G. Shirinyan', E. Auffray?,
E. Dimovasili?, P. Lecog?, K. Pauwels?, C. Dujardin®, C. Pedrini®
YInstitute for Physical Research, NAS of Armenia, Armenia
2European Organization for Nuclear Research, CERN, Geneva, Switzerland
3Université de Lyon, Université Lyon 1, CNRS, Laboratoire de Physico-Chimie des Matériaux
Luminescents, Université¢ de Lyon, Villeurbanne Cedex, France

LuszAlsO12:Pr (LUAG:Pr) is reported as a prospective scintillator with a fast decay time (~20 ns) and
high light yield due to the 5d—4f radiative transition of Pr** ion [1]. Czochralski [1] and micro-
pulling [2] techniques were applied to this material. The currently reported light yield values are
18000-19000 ph/MeV. The objective of the present work was to apply to this and to a few modified
crystal compositions (LUAG:Hf, LUAG:Pr,Hf and LUAG:Sc,Pr) the vertical Bridgman method and
to evaluate their properties. Broadening and shift of absorption bands at 240 nm and 280 nm
associated with 4f-5d transition of Pr’* ion have been observed in LUAG:Sc,Pr, in comparison to
LUAG:Pr, resulting from lower crystal field and some lattice disorder introduced by Sc**. The
measurements were done on thin (0.1 mm) plates with a similar Pr®* content which was controlled
using the obtained dependences of absorption coefficients at 240 and 280 nm on Pr** concentration.
Introduction of Sc** increases the segregation coefficient of Pr®* from 0.065 [1] to 0.087 (for
Sc = 10%) and is useful for preparation of concentrated samples. Addition of Hf** resulted in
improvement of the transmission in the UV range including the range of emission, so that smaller
re-absorption losses can be provided. The light yield measured in LUAG:Pr(0.2 at%)Hf(30 ppm) is
~20600 ph/MeV (8.2 s gate). The fast decay component is weakly dependent on both Pr¥* (0.2-0.9
at%) and Hf** (0-45 ppm) concentrations and is about 20 ns.

The work is conducted in the frame of Crystal Clear collaboration and in the scope of IRMAS and
Project 1-6/2 of Ministry of Science of Armenia.

[1] H.Ogino, A.Yoshikawa, M.NiKl, et al, J. Crystal Growth 287 (2006) 335.
[2] H.Ogino, A.Yoshikava, M.Nikl et al, J. Crystal Growth 292 (2006) 239.
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