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Laser sources and pulse characterization
What is an ultra-short light pulse?
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Laser Time-Bandwidth Relationship

* Fora CW Laser

Delta function

<= ~0.1 nm

timé | wavelength

 An Ultrafast Laser Pulse

* Coherent superposition of many monochromatic light waves

within a range of frequencies that is inversely proportional to the
duration of the pulse

Excited

Short temporal duration of the ultrafast pulses results in a very broad spectrum quite unlike the Ao
notion of monochromatic wavelength property of CW lasers.
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Pulse Characterization: Intensity Autocorrelation

Non-collinear Intensity autocorrelation
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Spatial Control: Basics of optical trapping

Cl Radiation pressure from photon flux
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Flat-top Gaussian Mode

Para-axial Gaussian Mode: “*No trapping was observed as VE? = ()
E=E exp(-2r’/w?)

s For single beam optical trap, paraxial Gaussian beam is essential spatially
s Temporally, however, laser can be either cw or pulsed



Para-axial Gaussian Mode:
E=E exp(-2r’/w?)

" For Rayleigh Particles: Fx /7 E?
using CW Laser = E 2exp(-4r’/w?)
« -r (for small r)
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Single-photon Excitation

Two PHOTON FLUORESCENCE
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Advantages offered by a femtosecond pulsed laser

m simultaneous detection of two-photon fluorescence and back-scattered light

m bright-field video imaging  m continuous-wave/mode-locked laser operation
» molecular fluorescence (two-photon fluorescence) at ~800 nm
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Direct Trapping of Rayleigh Trapping of 100 nm Latex Bead

or sub-diffraction sized
particles (A >> d)

Observed through Two-photon
Fluorescence Signal only —
calibrated from back-scattering
data of 4 & 1 micron

Particle 22001 00-
aggregation 2501
can also be
tagged

through this
extremely
sensitive
technique s "
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Simultaneous coupling pulse shaping to this efficient and sensitive ultrafast optical tweezers
is possible to let us reach our goal towards spatiotemporal control and spectroscopy



»A. K. De, D. Roy, A. Dutta, D. Goswami, Appl. Opt., 48, G33 (2009)

Spatial Trapping: Optical trapping—towards trapping of
single macromolecules

Trapping of Rayleigh (M d) particles

» force depends on polarizability: e.g., latex nano-particles are hard to trap
» high peak power of an ultra-short pulse but ‘Repetition Rate is Critical’
» requires high repetition rate of the pulses
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Stable trapping of 100 nm latex beads
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MIRA Laser
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Normalized Intensity

Laser Pulse Profile
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» Laser central wavelength ~730 nm, Pulse width: ~180 fs



SHG Intensity (a.u.)
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Pulse Characterization Under Different Repetition rate
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Supercontinuum

Spectacular nonlinear phenomenon (true for every transparent dielectrics).

Wide spectral range, highly coherent, low divergent beam.

Broadband time resolved spectroscopy, optical parametric amplification, optical pulse
compression.

Generated through pulse self actions (self-, cross-phase modulation, four-wave mixing,
filamentation due to multi-photon excitation (MPEI)()).

Self-phase modulation L
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Intensity dependent Kerr-nonlinear effect.
Symmetric broadening, modulation of
spectra.
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Filamentation

Self effect of LASER pulse.

Mainly due to Self-focusing
Spectrometer and defocusing owing to free
\ electron generation via MPE. /

|=iris; HWP=half-waveplate; P=polariser; L1, L2=lens;
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@ge of nonlinear refractive index in the medium \

2me*N,(r,t)

Mew}

An = n,I(r,t) —

Spectral broadening due to self-focusing and filamentation

A won,z 0I(r,t) 2me?z ON,(r,t)
Aw=——>=— +
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Inhomogeneity in n, influences the group velocity of the propagating pulse.
This nonlinearity causes the group velocity of edges of the pulse larger than the

@p velocity of peak thus creates a spike in intensity envelop. /




Structured supercontinuum spectrum due to interference between filaments
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Wavenumber Shift(cm™)
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Explaining the Novel Underlying Interference Structures in the Supercontinuum
Spectrum of Water

/
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2110cm™ peak due to combination
of scissoring and liberation mode.
2800cm™ peak due to H,,0.* and
appears after intensity clamping.

At threshold significant amount of
H-bond left.

At high intensity more water
molecules cresses the chaotic region
and forms significant amount of

H,,0," species. /




Use of a Dye Molecule

Structure of IR775Molecule \
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Fluorescence spectra of IR77S in the binary mixture of MeOH-CHCI,

1.0

——100% McOH | HIE e ya—
| —— 90% MeOH k i
—— 80% MeOH 1 90%MeOH
- 0
0.84 —— 70% MeoH 0.8 33; ﬁegﬁ A
—_ | —— 60% MeOH 2 — 0% Me
= ——— 50% MeOH 5 ' 60% MeOH
s 0.61 —— 40% MeOH T g6 SoeMeon
o | —— 30% MeOH Z V07 40%MeOoH
= —— 20% MeOH s | — 30% MeOH
S (0.44 — 10%MeOH 5 —— 20% MeOH
= 0% MeOH = 047 10%meon
2 | = | —— 0% MeOH
< 5
< 02 Z 02-
O'O_l — T — T T T T - T T O O_ === \
400 500 600 700 800 900 Y T
400 500 600 700 800 900
Wavelength (nm)

Wavelength (nm)




Schematic Experimental Setup
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Experimental Data
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Normalized transmittance

Decay of the transient absorption of IR775 in the binary mixture of MeOH-CHCI,
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Time-resolved pump-probe dynamics of IR775 dye in

binary mixture of methanol & chloroform
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IR775 in the
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methanol and
chloroform
80 101 219 270 205 271
70 97 215 270 281 245
60 101 219 261 270 272
50 124 205 262 270 302
40 123 220 264 271 274
30 100 230 265 277 265
20 100 300 260 282 283
10 100 290 260 280 280

Excited state decay time constants of the binary mixture of MeOH-CHCI; in IR775



T: 2350 fS

Measurements

Schematic representation of the excited state dynamics
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Using shaped Pulses o Measure Molecular Pofentials JCP 112, 5081 (2000)
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Adiabatic halt passage in coupled systems:
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Model Calculations with Shaped Pulses
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Phys. Rev. Lett. 88, 177901 (2002); J. Chem. Phys. 127, 124305 (2007)
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