Characterization of Non-linear Optical Materials Through Double Pump-Probe Measurements
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Abstract:  Double pump-probe experimental techniques will be used to characterize the nonlinear optical response of materials whose properties make them good candidates for use in eye and optical sensor protection applications.  To that end we have constructed a double pump-probe experiment based on a design validated by Swatton et al1.  In a double-pump probe experiment, two pulses sequentially excite the sample so that cross-sections and lifetimes of various quantum states involved in the optical absorption process can be measured. The use of a mode-locked, pulsed laser allows resolution in the picosecond regime.

Background

The proliferation and availability of intense lasers has increased the possibility of their use as offensive weapons.  It then becomes necessary to investigate ways in which protection could be afforded to vulnerable (space- and ground-based) optical sensors, and to personnel on the battlefield.  The Army has unique concerns in that personnel and equipment both on the ground and in the air require protection.  Army-wide sensor protection needs include direct view optical systems, thermal viewers, camera systems, and 
[image: image1.wmf]2

I

 devices.  In fact, the Army has over 40 different optical systems (currently fielded) that require protection.  These optical systems operate over a wide variety of wavelengths, and the operating spectrum of each device must be protected as much as possible.  General requirements that candidate materials must satisfy include bandwidth and dynamic range considerations, optical density (OD) requirements, and damage thresholds.  One such group of candidates to be examined in this study includes optical limiters.  Optical limiters have the potential of providing agile eye/optical protection because intense laser light initiates the response in these materials.  In addition to the general considerations listed above, optical limiting materials (such as reverse saturable absorbers) that are being considered for use in optical protection devices must also have a high linear transmission at key wavelengths (map colors, panel and equipment diodes and LEDs), as well as a fast material response time to ensure the leading edge of the laser weapon pulse does no damage.

This experiment is being performed in collaboration with the Nonlinear Optics Team of the Optics Branch of the Army Research Laboratory (ARL) located in Adelphi, Md.  The Nonlinear Optics Team will supply materials of interest to be tested by USMA Photonics Research Center (PRC) researchers whose efforts in the picosecond regime will compliment the nanosecond pump-probe experiment currently being run by the ARL Team.  Dr. Timothy Pritchett of ARL has already begun to develop the theory necessary to interpret the results of both the picosecond and nanosecond experiments.

Experiment

Theory

Materials being considered for use in military applications must be completely characterized to ensure their nonlinear optical properties make them good candidates for use in optical protection devices. Therefore, one must measure not only ground state decay times and absorption cross-sections, but also the florescence lifetimes and decay rates of excited states.  There exist many experimental techniques that can be used to measure the excited state parameters of these materials 2-9, but the time-resolved double pump-probe (DPP) technique allows one to measure all the relevant parameters in a single experiment.  For example, the DPP technique can be used to measure the excited singlet and triplet quantum parameters in organic dyes, while with the single pump-probe technique, one can only (perhaps) infer the formation of a long-lived triplet state1.  In DPP experiments, the first pulse populates various molecular excited states.  The second pulse induces transitions whose rates depend on the population in the ground state, which in turn, depends on the triplet yield.  This means that DPP techniques are ideal to study materials that have significant triplet state absorption cross sections because the second pump pulse can further excite molecules into excited triplet states 1,10.  Most recently, the DPP technique has been successfully employed by McEwan et al. in a comparative study of metal-substituted porphyrins 10.

Experimental Set-up




The experimental setup is shown in figure 1.  A state-of-the-art solid-state mode-locked, frequency-doubled Nd:YAG laser by Continuum (Leopard model) is used to generate both pump pulses and the weak probe pulse.  This newer model laser has an improved shot-to-shot stability, ensuring more reliable data collection and transmittance calculations.  The laser pulses have a wavelength of 532 nm and a temporal pulse length of about 57 picoseconds, and are linearly polarized.  The laser operates at a repetition rate of 20 Hz.  Immediately after exiting the laser, fluence of the pulses are modulated and modified by a set of crossed polarizers which also ensure the pulses are linearly polarized.  Upon exiting the polarizers, the probe pulse is separated by an optical flat and guided via a cubic beamsplitter to a Newport IMS Series 6200 motorized linear delay line.  Part of the probe pulse is captured by a PJP 765 silicon energy probe used to monitor shot-to-shot variations in laser pulse energy.  The rest of the probe pulse traverses the delay line four times before being reflected by a terminal mirror.  The terminal mirror reflects the probe pulse back through the delay line four more times so that the probe pulse traverses the delay line a total of eight times.  The delay line can travel up to 585 mm, thus allowing the arrival of the probe pulse to the sample to be varied by as much as 15.60 nanoseconds.  In this manner, the probe pulse can be caused to arrive into the sample either before both pumps, after the first pump but before the second, or after both pump pulses.  The final leg of the probe optical path consists of a 2:1 telescope arrangement to collimate the beam, and a 25 cm converging lens used to steer and focus the probe pulse into the center of the sample cuvette.  A half-waveplate has been inserted in to the probe optical path to set the polarization of the probe pulse at 54.7 degrees relative to the pump polarization (the so-called “magic angle”).  Under these conditions, factors arising from orientation of the sample molecules can be ignored 11.


[image: image2]
Figure 1: Sketch of experimental layout

Results and Discussion

The work over the last two years has focused on reducing the uncertainties in the experimental procedures.  Cadet Douglas Odera integrated a spatial beam profiling mechanism for the pump and probe beams.  Cadet Dan Galgano is integrating an automated beam control feedback system to prevent the probe beam from walking off the pump beams during data acquisition.

In order to ensure consistency of the data collection process it is important that the spatial profile of both pump beams and the probe beam are known at the sample location.  To achieve this CDT Odera integrated a knife edge beam profiling system into the experimental set-up at the sample location.  As a result of his work we now have a technique to insure that the entire 1/e2 beam width of the probe beam is within the full width half max of the pump beams.  We also can confirm that both pump beams have approximately the same width and strike the sample at the same location.  The beam spatial profiles will be sent to Dr. Pritchett to be included in his theoretical model.  This beam profiling portion of the experimental set-up will help reduce the uncertainty of the measurements.
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Figure 2:  Results of beam profiling of both pump beams and the probe beam

During data collection we vary the relative time the probe beam hits the sample relative to the two pump beams by changing the path length of the variable stage (figure 1).  The variable stage has a slight bow in the line.  This bow causes the probe beam to walk off the pump beam location in the sample during data acquisition.  In the past we compensated for the bow by placing a CCD camera in the experimental set-up.  After moving the variable stage to the next temporal location, the experimenter would verify the probe beam was still hitting the sample in the same location as the pump beams before taking the next data point.  CDT Dan Galgano is automating that process by including an automated feedback loop into the system.  CDT Galgano is picking off a portion of the probe beam near the sample.  He then uses a quadrant detector to automatically provide feedback and control the probe beam location relative to the sample.
Future Direction 

We will integrate an autocorrelator and once the automated probe beam position controller is integrated into the experimental set-up, a full data set will be collected for the SiNc and the results compared to those of Swatton.  We will use that compression to validate the experiment and then begin testing other materials to determine their non-linear optical responses and suitability for use as and optical limiter.
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