


Abstract Multiphoton transitions can be reached by many routes through a continuum of virtual
levels. We show that the transition probability of two-photon and multiphoton processes can be
controlled by tailoring the shape of an ultrashort excitation pulse, so that the many paths leading to
the final state interfere to give a desired probability amplitude. We analyze the effect of pulse
shapes on N-photon absorption as well as on Raman transitions. We show theoretically that certain
tailored dark pulses do not excite the system at all, while other shaped pulses induce transitions as
effectively as transform limited pulses, even when their peak amplitudes are greatly reduced. These
results are confirmed experimentally for two-photon transitions in atomic cesium.

FEMTOSECOND OPTICAL PACKET GENERATION BY A DIRECT SPACE-TO-TIME
PULSE SHAPER D.E. Leaird and A.M. Weiner Schoold of Electrical and Computer
Engineering, Purdue University, West Lafayette, Indiana Optical Society of America January 1999

We demonstrate femtosecond operation of a direct space-to-time pulse shaper in which there is
direct mapping (no Fourier transform) between the spatial position of the masking function and the
temporal position in the output waveform. We use this apparatus to generate trains of 20 pulses as
an ultrafast optical data packet over an "40-ps temporal window

AN ATOMIC DIMMER SWITCH PHILIP H. BUCKSBAUM
Nature/Vol 396/19 November 1998

Abstract Work involving a new tool in optics, a pulse shaper, shows how atoms can be made to
absorb light readily, or not at all, simply by controlling the phase of light shone at them. The
method can be added to a growing list of techniques for manipulating the internal quantum
dynamics of atoms and molecules using the coherence properties of light.

COHERENT QUANTUM CONTROL OF TWO-PHOTON TRANSITIONS BY A
FEMTOSECOND LASER PULSE DORON MESHULACH AND YARON SILBERBERG

Department of Physics of Complex Systems, Weizmann Institute of Science
Nature vol 396/ 19 November 1998

Abstract Coherent quantum control has attracted interest as a means to influence the outcome of a
quantum-mechanical interaction. In principle, the quantum system can be steered towards a desired
state by its interaction with light. For example, in photoinduced transitions between atomic energy
levels, quantum interference effects can lead to enhancement or cancellation of the total transition
probability. The interference depends on the spectral phase distribution of the incident beam; as this
phase distribution can be tuned, the outcome of the interaction can in principle be controlled. Here
we demonstrate that a femtosecond laser pulse can be tailored, using ultrashort pulse-shaping
techniques, to control two-photon transitions in caesium. By varying the spectral phases of the pulse
components, we observe the predicted cancellation of the transitions due to destructive quantum
interference; the power spectrum and energy of these 'dark pulses' are unchanged. We also show
that the pulse shape can be modified extensively without affecting the two-photon transition
probability.



ADAPTIVE REAL-TIME FEMTOSECOND PULSE SHAPING D. Meshulach, D. Yelin, Y.
Silberberg
JOSA B, Volume 15, Issue 5, 1615-1619 May 1998

Abstract Experimental results of a practical self-learning pulse-shaping system are presented. Real-
time adaptive pulse shaping of uncharacterized pulses is achieved. A cross-correlation feedback
measurement of the output pulses is used by a simulated-annealing algorithm to modify the pulses
iteratively toward target shapes. This scheme can readily be used for coherent control of quantum
dynamics.

ADAPTIVE FEMTOSECOND PULSE COMPRESSION D Yelin, D Meshulach, Y Silberberg
Department of Physics of Complex Systems, Weizmann Institute of Science December 1, 1997/
Vol. 22, No. 23 Optics Letters

Abstract A practical adaptive method for femtosecond optical pulse compression is demonstrated
experimentally for the first time to our knowledge. The method is robust and capable of handling
the general case of pulse compression, in which the input pulses are completely uncharacterized
or partially characterized.

ADAPTIVE ULTRASHORT PULSE COMPRESSION AND SHAPING D. Meshulach. I).
Yelin, Y. Silberberg Department of Physics of Complex Systems, Weizmann Institute of Science
Optics Communications 138 (1997) 345-348

Abstract A practical adaptive approach for ultrashort optical pulse compression and shaping is
numerically investigated. A simple single valued feedback measurement was suggested and proven
useful for compression. The method is robust. and capable of handling the general case of puke
compression and shaping. where the input puls®s are completely uncharacterized or partially
characterized.

FEMTOSECOND CODE-DIVISION ULTRAFAST ELECTRONICS AND MULTIPLE-
ACCESS A.M. Weiner, C.C. Chang and H.P. Sardesai, Purdue University School of Electrical and
Computer Engineering. Optoelectronics 1997

Abstract: We are pursuing a project aimed at demonstrating the physical feasibility of a novel,
high-speed communications network based on encoding and decoding of coherent ultrashort
light pulses. In the envisioned ultrashort pulse code-division multiple-access (CDMA) system, a
multiplicity of users are connected together via a common fiber optic communications medium;
multiple-access is achieved by assigning different, minimally interfering code sequences to
different subscriber pairs. A unique attribute of optical CDMA is the use of optical processing,
which implements directly in the optical domain certain network operations, such as addressing,
routing, and security, which traditionally have been performed electronically. Ultrashort pulse
CDMA can lead to high-rate local- and metropolitan-area networks with reduced control
requirements, for applications such as supercomputer interconnects and multimedia networking.
In addition, our research into various "component technologies" for ultrashort pulse CDMA,
described below, may also prove valuable in themselves.



HIGH-RESOLUTION, ULTRAFAST LASER PULSE SHAPING AND ITS
APPLICATIONS J.X. Tull, M.A. Dugan and W.S. Warren Department of Chemistry and
Princeton Center for Photonics and Opto-Electric Materials, Princeton University, Princeton, NJ
Advances in Magnetic and Optical Resonance, Vol 20, 1997

Controlled amplitude, phase and frequency modulation of electromagnetic fields has proved
useful in a wide range of spectroscopic application. For example, nuclear magnetic resonance
(NMR) has evolved over the past 50 years from a manifestation of the rather bizarre quantum
mechanical concept of “nuclear spin” into an extraordinarily important technique for monitoring
structure and dynamics and a diagnostic tool of great clinical value.

GENERATION OF HIGH-FIDELITY PROGRAMMABLE ULTRAFAST OPTICAL
WAVEFORMS Marc M. Wefers and Keith A Nelson Department of Chemistry MIT
Optics Letters Vol 20 No. 9 May 1, 1995

Abstract We report advances in the generation of ultrafast optical waveforms with programmable
time-dependent amplitude and temporal phase profiles. Two liquid-crystal spatial light modulators
are employed in a novel arrangement to permit the generation of programmable ultrashort
waveforms with exceptional versatility and fidelity. We also demonstrate ultrafast waveform
generation in which the time-dependent polarization profile is controlled.

PROGRAMMABLE PHASE AND AMPLITUDE FEMTOSECOND PULSE SHAPING
Marc M. Wefers and Kieth A. Nelson Department of Chemistry MIT
Optics Letters Vol 18 No. 23 December 1, 1993

Abstract We report what is to our knowledge the first demonstration of programmable femtosecond
pulse shaping manipulates both temporal amplitude and phase. With two commercially available
liquid-crystal spatial light modulators our setup generates arbitrary temporal waveforms within a
2.9-ps window with features of less than 100 fs. We demonstrate this by producing square plses as
well as pulse sequences with a variety of specified amplitude and phase temporal profiles. We have
also developed and demonstrated numerical algorithms that are used to generate the waveforms, so
that the user need only specify the desired waveform and no the detailed mask patterns.

ULTRAFAST OPTICAL WAVEFORMS Mark M Wefers and Keith A Nelson Department of
Chemisty MIT Science Vol 262 26 November 1993

The ability to generate optical pulses with durations under 100 fs has revolutionized spectroscopy and
opened up many exciting possibilities in optical communications. Recent advances with ultrafast laser
sources and amplifiers indicate that millijoule pulses shorter than 20 fs will soon be available.

FEMTOSECOND PULSE SHAPING BY AN EVOLUTIONARY ALGORITHM WITH
FEEDBACK T. Bautmert, T. Brixner, V. Seyfried, M. Streble. G. Gerber Appl. Phys. B65.779-782 1987
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