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Figure 4.6 Small-signal gain at 1.55 tm as a function of (a) pump power and (b)
amplifier length for an EDFA pumped at 1.48 itm. (After Ref [34], (€ 1991 IEEE)

where ap — I,0,N; and ¢ — T.0;); are the absorption coefficients at the
pump and signal These govern the evo-
lution of signal and pump powers ms:dc an EDFA. Thm predictions are in
good agreement with experiments as long as the amplified spontaneous emis-
sion (ASE) remains negligible [36]. The inclusion of fiber losses is essential
for distributed-gain amplifiers. which amplify signals over long fiber lengths.
For lumped amplifiers with fiber lengths under 1 km. « and ¢’ can be set to
zero.

A drawback of the above model is that the absorption and emission cross
sections are taken to be the same for both the pump and signal beams. As was
seen in Fig. 4.4(b). these cross sections are generally different. It is easy to
extend the model to include such differences [34]. An analytic solution can
still be obtained [33]. Figure 4.6 shows the small-signal gain at 1.55 yumas a
function of the pump power and the amplifier length by using typical parameter
values. For a given amplifier length L. the gain increases exponentially with
pump power initially. but at a much reduced rate when pump power exceeds a
certain value [corresponding to the “knee” in Fig. 4.6(a)]. For a given pump
power, amplifier gain becomes maximum at an optimum value of L and drops
sharply when L exceeds this optimum value. The reason is that the end portion
of the amplifier remains unpumped and absorbs the amplified signal.

Since the optimum value of L depends on the pump power B, it is nec-
essary to choose both L and B, appropriately. Figure 4.6(b) shows that for
1.48-um pumping, 35-dB gain can be realized at a pump power of 5 mW for
L~ 30 m. It is possible to design high-gain amplifiers using fiber lengths as




Buabl Hay4HOW iMTEpaTypbl

COBpeMEeHHbIN Hay4HbIN B3r/A4 Ha npobaemy:
- O630pHble cTaTbM (-3-5 /1€T M0 Ballel TeMaTUKe)

Reviews of Modern Physics Laser & Photonics Reviews Ycnexu ®usndeckmx Hayk (1)
Physics Reports

| ASER .. - ==
&RHOTONICS = 4 Yerem
REVIEWS .~ dOMBMHECKIAX

‘h\ii YKypran ocHosaH B 1918 1.

PHYSICS REPORTS

20%1 ¢hesparb

WILEY-VCH




Buabl HAQy4HOM iMTepaTypbl

COBpeMEeHHbIN Hay4HbIN B3r/A4 Ha npobaemy:
- O630pHble cTaTbM (-3-5 /1€T M0 Ballel TeMaTUKe)

AHMHHHG MeTogndeckme CtaTtbun
~130 CTp., ~20 CMpdHUU, CCbI/IOK

online at www. .com

Availabl

PHYSICS REPORTS

“«.* ScienceDirect

ELSEVIER Physics Reports 441 (2007) 47— 189

www.elsevier.com/locate/physrep

Femtosecond filamentation in transparent media

A. Couairon®*, A. Mysyrowicz"

3Centre de Physique Théorique, Ecole Polytechnique, CNRS, F-91128 Palaiseau, France
®Laboratoire &’ Optique Appliquée, Ecole Nationale Supérieure des Techniques Avancées-Ecole Polytechnique, CNRS, F-91761 Palaiseau, France

Received 5 May 2006; accepted 15 December 2006
Available online 6 February 2007
editor: G.1. Stegeman

Abstract

This paper introduces and discusses the main aspects of ultrashort laser pulse filamentation in various transparent media such as
air (gases), transparent solids and liquids. The properties of femtosecond filaments and their applications are presented. Theoretical
models developed to explain filaments and the main predictions inferred from these models are reviewed. The various techniques to
observe filaments and to measure their characteristics are described. The main measurements of filament features performed so far
are reviewed.

© 2007 Elsevier B.V. All rights reserved.
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1. INTRODUCTION

Femtosecond technology was bom in the 19705, when pas-
sively mode-locked dye lasers produced the first pulses shorter
than 1 ps [1-3]. Subsequent advances led to pulse durations of
afew tens of femtoseconds directly from laser oscillators [4-7).
‘The poor energy storage capability of laser dyes limited ampli-
fication to microjoule energies and megawatt peak powers
[8.9]. This first-generation femtosecond technology (1FST)
opened the door for direct time-domain investigations of
hitherto immeasurably fast processes such as molecular dynam-
ics, chemical reactions, and phase transitions in condensed
matter [10,11].

Broadband solid-state lasers wih large energy storage capa-
bilities appeared by the end of the 1980s [12-14]. They
offered the potential for further pulse shortening as well as
boosting the pulsc encrgy and peak povir by many orders

of magnitude. Sec

No. 1/ July 2014 / Optica

10°
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(2FST), based on chirped-pulse amplification (CPA) [15] in
solid-state lascrs, in particular, in Tiisapphire-based systems
[16-18], and dispersion control by chirped multilayer mirrors
(henceforth, for brevity, chirped mirrors) [19-21] paved the
way for the emergence of entirely new research fields and
technologies such as attosecond science [22] and laser-driven
particle acccleration

2EST is now capable of providing pulses with ultrahigh
(petawatt) peak power at moderate average power [24] and
moderate-peak-power (gigawatt) pulses at ultrahigh (approach-
ing the kilowatt scale) averace power levels [25]: see Fie. 1.

Toue L Poone Prengs
system 8 5fs 40mJy 75TW 200w
system9 | 17fs 49mJ 27TW 245W
system 10 | 5fs 345mJ | 65TW | 3450 W

Fig. 1. Summary of reconded performances of IFST and 2FST and

represents the best performance achieved by dy:
responding to Ref. [9]), the green dots show femcosccond CPA solid-staze

technology (2-7, corresponding t Refs. [60,71,66,18,67], and [25], re-
spectively), :nd the red rangles represent the smulited resuls for
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membrane. In this case, the force originates from the vesicle-imposed  features a triangular ring of ‘negative height between the C-terminal
curvatore o a membrane it some degeeof ifnss. I ving el xtacelular domai and theperphery of the arms,whic s ecog-
even larger forces may be expected, we term the halo

ptrboi i grvares anla orboth. Next, For HS-AFM, we found the best conditions were those in which
e used HSAFM to investigaic whethes PIEZO1 can change tsshape. PIEZOL channels were reconstiutedinto smallunlamellar vesices of
ina reversible manner.

leoyl-sn-glycero-3-phospho- u rac- p\nmﬂil’(‘l’(,b
HS-AFM of PIEZO! in supported membranes 85:15, wew). These vesicl
HS-AFM imaging is mediated by raster-scanning the sample with a ported lipid bilayer with embedded PIEZO1 s When maged

smnometrictp af theend of s cantilcve that osciltes atresonance . under both kv (sbout 20 pN) andhigh (bt S e,
frequency ypography (that Hula face of PIEZO ble by the halo that sur-
isa surface that s contoured by litude ded
(A that reach out into plane (Fig. 4c left two panels). The
i swings rely (A). The 1o of A 0 A defines how much the . radial profile eithinthe halo areaof the xtracelular PIEZOI face
osiltion - Thas, at constant

Ay lead Fiss p 120°periodicity
ll\g 4a). The peak force .md.w(ragx force during I le fromap between the

h from exper-  Fig 4c ight, S Video1). PIEZOI

iment” or by nume: maton’> sing del®  exhibitsa fe haround 8.2-nm hei -

(Extended Data Fig. 3, Methods). In our HEAR setup, the average  brane (Fig. 4d). However, the dome-like intracellular face was observed

applied force ((Fys_sraq)) 10 the imaged objects can be approximated  only rarcly; which is consistent with vesicles bursting on mica to expose

by the concave extracellular face of PIEZO1 to the tip of the HS-AFM.
Th Fig.4c,

q y

simulated topographies (Fig. 4b); however, PIEZO1 viewed from the

(1) extracellular side matched the structure only when imaged at low force
(around 20 pN). The halo expands outwards under increasing force.

[ oovew!
>

Fie. 2| Recomlationsof PIEZO!  vescles bl vrkous PLEZON withlethanded e curved s (e rtowbewd, b Avergesof
yo-EM EZ01 d 4 the top-view (n ~ 3 tom-view (n = 120) PIEZO1 compared to
I POPCIDOPS ettt (1 cies (1000 mage Top he vatur e (RCSD Protein Dt ek ode (PDB) 4590 The
bottom-view or side-view patices e highlghied by whit oty arms in
eheads, respectively PIEZO! orientation. Scale bars, 20 am.
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shorter than the momentum relaxation time in GaAs, which
is ~200 s [33.34].

Figure 1 shows the residual current density,

Z[ k(K. 1o )ev, (k). (2)
e

for the cases of two [Figs. 1(a)-(c)] and six [Figs. 1(d)-(0)]
bands, as well as for different values of T, Using more than
three conduction bands does not qualitatively change our
results [23]) In Eq. (2), v,(k) = h"'V,E, is the group
velocity in band i, and tmg: = 36.2 fsis the firal time of our
simulations. When the field is weak, the photocurrent is
excited due 10 the o nterference [18.19]. In this case,
itis known that jg (Fo) o F3—ef. Fig. 2. This is due o

J(Fo-¢ce)

(623

Two bands Six bands

o 06 o6 10
F5 (o, pa) (sermalized forsach dagram)

the fact that the probability amplitudes of one- and
twophoton processes are pr F3
respeciively, while thei interference makes a contribution
proportional to F3. In this cubic dependence breaks
down for Fo :(7] V/A, which we visualize in Fi by
representing Fy*j(Fo.gcp) with color coding. Tn
the results obiained for two and six bands difler signifi-
cantly, which is consistent with recent findings [111
Howener. they also share a few remarkable features.

Fist, we observe CEP-controlled light-induced residual
current, which implies that it is due 10 ultrafast, sub k
processes. The cases of no polarization  relaxali
T, = co) [panels (a) and @] and fast dephmm}
[T, = 10 fs, panels (b) and (e)] differ very litle, which
suggests that there is fast effective dephasing within the
purely Hamiltonian system described by the Schrodinger
equation. Note that the fastest electron dephasing time in
semiconductors (GaAs) was measured 10 be T, ~ 14 fs
[351 which was consistent with theory [36]. At the same
time, recent experiments on high-harmonic generation in
solids [8-12] suggest that dephasing times in the strong-
field regime may be on the order of femtoseconds, 5o we
also present results for T, =2 fs. We note that T has a
stronger impact on the two-band results.

Second, for any chosen CEP, j(Fo. pc) changes its sign
a certain values of Fo. In the two-band model, the
maximum magnitude of the current at any field amplitude
is always oblained for the antisymmetsic pulse (e
£1/2). In contrast, for more realistic six-band calculations,
the maximum current nontrivially depends on the CEP.
which causes the appearance of “vortices” in panels (d)(0).

‘Third, starting from Fo ~ 0.2 V/A, the residual current
is much stronger than that obtained by extrapolating the
weak-field current according 10 the o 3 law. This fact is
more clearly seen in Fig. 2. from which we also conclude
that dephasing tends to reduce the magnitude of the residual
current,

o) Gatb. units)
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wavelengths from 140010 1500 nm, the 20 mm LBO crystal
provided a typical SHG efficiency of about 40% yielding
second harmonic pulses in the 60 0760 nm wavelength
range with an energy up 10 0.5 nJ. Thus, in the case of a
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creasing o 1.8 mW at 86 nm. Ultrashort pulses in this
vavelength range, albeit with much lower energies, can
be generated directly by using ultrasmall core tapered
fibers [
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the group velocities , and us of the pump and second

sion of cluded in these calcu-

lations through the Sellmeier equation " appropriate

coefficients for LBO. In the case of a thin nonlinear crys-

ol o leme with 2 el gt s wsed, giving

=38 mm for Jo = 1500 tn. In this regime, L < b and

ose 10 6, giving rise to a weak dependence of zy on

)n lmm Lin . a)). b he came of s hick coal wo

e f=15 A«
1500 e Tn i case, 1, €0 and 7= mu, —ugy

leading 10 a strong dependence of 7 on 4 control ol

by the dispersion of the nonlinear crystal fcurve 2 in
Fig 3(a).

Typical autocomlation traces of second harmonk
loce produced with thin (2 mm) and thick (20 mm)
BBO crystale are prosented in Fig. 3(b) These traces

easured using the SHG process in a 0.5 mm thick
BBO crystal. The second harmonic output ofa 2 mum LBO
crystal centered at 700 rm [curve 1 in Fig. 3(b)] can be
accurately fitted with a Gaussian envelope with an
FWHM pulse width of 73 fs. For the 20 mm crystal, the
pulse widthof second harmonic output. anged from 210
in the range of wavelengths from 700 to
800 A 1 mmu aulooorrelation race for the second
harmonic at 790 nm is shown by curve 2 in Fig. 3(b), cor-
Toaponding iy an FWH pue widih of 50 o Thepuoe
‘width of the second harmonic output measured as a func-
tion of 4o for 2 mm and 20 mm thick nonlinear crystals
is é«mu by the circles and rectangles, respectively,
Resuls of these experiments sgree wel
i predictions [dashed

. : §
g o) -

S . 2 €
£ T od
iw i 4
1 £ ol P2
k. i £
£ e 3
o £ =
# oo T m & %0 Mo a0 &0 o

S vaningh. S vt i

Fig 2 (Color online) Spectra of the second-harmoric outpit
(8) 22 mun and (1) 20w ik LBD covsal pomped by
The dashed

lal‘ 27lh)
“ o0 5"
S 5
2 wo- Su
! £
L S
i E:)
a T 75 78 G0 § 1000500 5 %o
i wavelengh, rm

Fig 3 (Cobor online) () Pube width of the second harmonic

o 0 v he SHG s ARG gl 2. Phction
of the solton pump (the upper abscisa axk) and the second

monic (ower abscisa axis) wavelengths: results of expert
ments using an LBO crystal with L =2 mm (circles) and




Buabl HAQy4HOM iMTepaTypbl

[NocnegHue 4OCTUNKEHUA:

Te3suncbl goknagos (-0.5 roaa)

scholar.google.com

Aleksandr Lanin #

MSU, The Physics Department
Verified email at physics msu.ru

o
” nonlinear optics

TITLE :

Nonlinear-optical label-free multimodal imaging of neurons, astrocytes and gliovascular
\ u-llm es

Stain-free subcellular-resolution astrocyte imaging using third-harmonic generation

MS Pochechuev, AA Lanin, IV Kelmanson, DS Bilan, DA Kotova

Optics letters 44 (12), 3166-3169

High-order harmonic analysis of anl:ouopm pclahollz photocurrents in solids

AA Lanin, E fanov, DA Sido AB Fedotov,
ptics letters

Nonllnear optical stain-free s’(eremmagmg of astrocytes and gliovascular interfaces
anin, MS Pochec
al of biophotonics, €20

Chebotarey, IV Kelmanson, VV Belousov

432

Jour

Three-photon-resonance-enhanced third-harmonic generation for label-free deep-brain
\magmg In <earch of a chemical contrast

v, MS Pochechueyv, IV Kelmanson, AB Fedotov,

Thermogenetic stimulation of single neocortical pyramidal neurons transfected with
TRPV1-L channels

M Roshchin, YG Erm A Lanin, AS Chebotarev, IV Kelmansor

A science letters 687, 153-157

CLEO-EQEC 2019, June 27 Munich
Technical Digest

papercd p 3

Nonlinear-optical stain-free stereoimaging of neurons, astrocytes
FOLLOWING and gliovascular interfaces

Matvey S. Po«'hechuev,l'5 Aleksandr A. L:ulin,”'4

Belousm',5 Andrei B. Fedotov

Artem S. Chebotarey, Ilw Vi l\rlmanson, Vsevolod V.
13435 Aleksei M. Zheltikov'>***
1. Physics Department, International Laser Center, M. V. Lomonosov Moscow State University, Vorob'evy gory, Moscow 119992, Russia
2. Department of Physics and Astronomy, Texas A&GM University, 77843 College Station T, USA
3. Russian Quantum Center, 143023 Skolkovo, Moscow Region, Russia
4. Kazan Quantum Center, AN. Tupolev Kazan National Research Technical University, Chetaev 18a, 420126 Kazan, Russia
CIEDBY (EAR 3. Kurchatov Institute National Research Center, Moscow 123182, Russia
6. Institute of Laser and Information Technologies, Russian Academy of Sciences, Shatura, Moscow Region, 140700 Russia

Nonlinear microscopy techniques are widely used in the field of biophotonics thanks to their ability to image
in highly scattering tissues such as brain [1]. Techniques that use intrinsic sources of contrast rather than
exogenous labels are of great interest, because they are suitable not only for fund: 1 biological research but

2019 also for clinical applications [2]. Neurons are the most studied cells in the central nervous system of mammals.
However, i certain parts of brain glial cells called astrocytes outnumber neurons. Historically, astrocytes
considered to be simple support cells that structure the brain and control blood brain barrier, but recently were
discovered to have great functional diversity and play many roles in healthy tissues as well as in CNS disorders
[3].

Here we show that combination of harmonics generation and multiphoton microscopy of endogenous
chromophores enables imaging of neurons, astrocytes and gliovascular interfaces in rat brain. Our experiments
2019 were done on fixed and fresh rat brain slices. Imaging was performed using Cr:Forsterite femtosecond source
operating at 1250 nm, providing average power of 450 mW, pulse width of 90 fs and repetiton rate of 29 MHz.
Standard epidetection scheme is used co collect scattered photons. The main source of THG signal are
myelinated axons. Because there is no THG signal when laser beam is focused inside homogenous media, cell
bodies are seen as dark areas surrounded by bright background (Fig. 1a-1c, red). Cell specific fluorescent tagging
using genetically encoded fluorescent sensor SypHer was utilized to identify astrocytes (Figs. la, 1b) and
neurons (Fig. 1¢) on THG label-free images. Soma area determined from THG images can be used to distinguish
between these cells (Fig 1d). Other than size, astrocytes we found to have much brighter nuclear membrane,
2 2018 while neurons contain a lot of small organelles clearly seen in autofluorescence channel at 650 nm, as well as in

THG channel (Fig. 1c). These findings, combined with difference in size can be used to develop automatic label-
free cell detection and analysis algorithms.

2019

2019

Astro-SypHer _ Merge| Neur-SypHer
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MMnakT-gpakTop

Figure 1: Calculation for journal impact factor.

A= total cites in 1992

B= 1992 cites to articles published in 1990-91 (this is a subset of A)
C= number of articles published in 1990-91

D= B/C = 1992 impact factor

Figure 2: Calculation for five-year impact factor:
One year of citations to five years of articles.

A= citations in 1992 to articles published in 1987-91
B= articles published in 1987-91

C= A/B = five-year impact factor
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NOTES & NEW TECHNIQUES
X-RAY COMPUTED MICROTOMOGRAPHY:

DISTINGUISHING NATURAL PEARLS FROM
BEADED AND NON-BEADED CULTURED PEARLS

Michael S. Krzemnicki, Sebastian D. Friess, Pascal Chalus, Henry A. Hanni, and St P a C I I I M p e H M e Z O t e ro

The distinction of natural from cultured pearls
traditionally has been based on X-radiography.
X-ray computed microtomography (u-CT) has
recently been applied to gain more insight into
pearl structures. Using this technique, this arti-
cle presents features observed in a selection of
natural pearls and beaded and non-beaded
cultured pearls. Based on these observations,
p-CT is shown to be a powerful tool for pearl
identification.

n recent years, we have seen more interest in natural

pearls, especially in the high-end jewelry trade (figure

1). A number of important historic natural pearls have

been sold at auction in New York, Geneva, Hong Kong,
and Dubai. However, the supply of newly harvested natu-
ral pearls is very small, and is restricted to only a few local
sources, mainly in the Middle East and Southeast Asia.
Therefore, most natural pearls in the market today are
from old stocks and historical collections, accumulated
over many years. They may be found in estate jewelry or
restrung into contemporary necklaces.

Cultured pearls are far more abundant than natural
pearls in today’s market. They mainly consist of Chinese
freshwater cultured pearls from Hyriopsis spp. (Akamatsu
et al., 2001} and saltwater cultured pearls from several
mollusks, including Pinctada maxima oysters in Australia
and along the coast of Southeast Asia, P. margaritifera in
the Pacific and the Red Sea, P. martensii in Japan, P.

chemnitzii in China, and Pteria sterna in Mexico. As cul-
tivation techniques have improved (Hanni, 2007), the dis-
tinction between natural and cultured pearls has become
more difficult (see, e.g., Scarratt et al., 2000; Akamatsu et
al., 2001; Hinni, 2006; Sturman and Al-Attawi, 2006;
Sturman, 2009}, and we predict it will be even more chal-
lenging in the future.

For decades now, gemologists have relied primarily on
X-radiographs for the separation of natural from cultured
pearls (Webster, 1994; Sturman, 2009; and references there-
in}. Only recently has X-ray computed microtomography
(n-CT) been applied to pearls (Strack, 2006; Soldati et al.,
2008; Wehmeister et al., 2008; Krzemnicki et al., 2009;
Kawano, 2009) and gemstone analysis (Hanni, 2009). This
article focuses on the features observed with p-CT in natu-
ral and cultured pearls (non-beaded and beaded). For back-
ground on the technique, the reader is referred to Karam-
pelas et al. (2010).

MATERIALS AND METHODS

From over 50 pearls analyzed with n-CT, we selected 11
natural and 19 cultured pearls for this study, from both
freshwater and saltwater mollusks (see table 1). The sam-
ples are from the SSEF reference collection, and from rep-
utable sources consisting of pearl farms and collectors of
natural pearls (see Acknowledgments).

Imaging was performed on a SkyScan 1172 high-resolu-
tion p-CT scanner (SkyScan NV, Kontich, Bel-
gium), equipped with a 100 kV / 100 pA X-ray source and a
10 megapixel (4000 x 2000) X-ray sensitive CCD camera.
The system allows for a flexible geometry along the sample

path [ie., objects can be magnified until the boundaries of
Jh { “ g
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