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1. PREFACE
This Third Annual Report of the Center for Advanced Studies in Photonics Research (CASPR) includes reports on all research activities conducted by CASPR faculty, students, and staff, during the past year, that were formally proposed, budgeted, and administered through the CASPR office. This is a departure from the first two annual reports, which were restricted only to research that was funded through the NASA grants that initiated CASPR in Fiscal Year 2003 and that continued its research support in FY2004. This year, we will continue reporting on our work under the NASA grant, but will also add descriptions of CASPR projects and accomplishments that were sponsored by other agencies, including NSF, NRL, ARL, and ARO. In Section 3 we will list and describe further proposed projects which have been submitted but which are still pending award decisions. 

As described in our original Plan for Formation and Operation of a Center for Advanced Studies in Photonics Research submitted to NASA back in FY03, plans for FY05 included establishing the Center’s permanent institutional structure as well as developing additional collaborative relationships to expand the Center’s funding sources. In the first two years, we appointed a distinguished Director, developed a dedicated world-class optical physics research and training facility, and initiated a broad cutting-edge photonics research program. We are developing new collaborative arrangements, research, educational, and outreach programs with organizations such as National Science Foundation, NASA, Army Research Labs, Naval Research Laboratories, Northrop Grumman Corporation, Princeton University, University of Maryland, College Park, and many others. 

CASPR was initiated at UMBC through a NASA grant in June, 2002. Photonics research is being conducted in diverse disciplines covering subjects in Quantum Optics, Sensors, Lasers and Detectors, Very High Capacity Optical Fiber Communications, Nanotechnology, and Biophotonics in a collaborative effort to support the needs of Government, Industry, and Science. Projects are decentralized and are conducted within appropriate UMBC departments and laboratories, supported by a CASPR Administrative Office. The staff is currently composed of 16 professors and post-doctoral scientists, plus a similar number of graduate students in the UMBC departments of Physics, Computer Science and Electrical Engineering, Mathematics and Statistics, and Chemical and Biochemical Engineering. The Director has a multiple appointment, serving also as professor in both the Department of Physics and the Department of Computer Science and Electrical Engineering. 

. 

In state-of-the art fabrication laboratories, clean-rooms, and test facilities, new optoelectronic devices are being created, such as: high power, high-efficiency reliable semiconductor lasers for Earth Science and planetary lidar space missions; terahertz radiation generators and detectors suitable for molecular spectroscopy, environmental sensing, and homeland defense; and optical switches, modulators, splitters, and coupling devices for high data rate long haul fiber-optic communications. In a new laboratory, studies are being conducted in properties of ultrashort light pulses and their interactions with materials and nanostructures. In the fundamental physics of quantum-entangled photons and in their exciting applications to ultra-precision remote clock synchronization, position tracking, remote imaging, communication, and remote spectroscopy, CASPR has been a leader in demonstrating their potential in valuable applications to NASA, civilian and military space and terrestrial programs. CASPR has unique capabilities in optical communication theory and outstanding laboratory facilities with connectivity to wideband local and global optical fiber networks. 

During this reporting period, a new laboratory, the Ultrafast Optics & Optoelectronics Research & Teaching Facility was completed, instrumented, and placed into operation. We expect that it will put CASPR in the forefront of academic research in ultrafast optics and optoelectronics. The report will describe the laboratory’s capabilities and some of the research projects under way. They cover subjects in ultrafast photophysics and nonlinear optical properties of bulk, nanoclustered, and quantum well semiconductor structures, ultrashort pulse propagation in fibers and high-speed lightwave systems. These are dynamic areas of exciting new scientific discoveries and publications.

CASPR serves not only as a focal point for world class photonics research, but also makes use of the fact that photonics is a wonderful “visual” medium to attract young minds into science and engineering. One of the critical functions of the new Ultrafast Optics & Optoelectronics Lab is   in training the next generation of photonics experts, with a special emphasis on attracting underrepresented minorities and women. A goal of CASPR Director Anthony Johnson is to extend the highly successful Graduate Meyerhoff Program in the Biomedical Sciences into the Physical Sciences & Engineering through the photonics efforts of CASPR, and the cornerstone of this effort is the Ultrafast Optics & Optoelectronics Lab. 

The operations/administration center of CASPR is housed in a newly-built dedicated facility which is part of UMBC’s Technology Research Center. This consists of a suite of offices and the large “Ultrafast Optics & Optoelectronics Research & Teaching Facility” which occupies a major portion of the building in a carefully controlled environment. The suite includes offices for the Director and the operations staff, a conference room, and work areas for students who conduct research in the adjoining research facility. Directorate office personnel are responsible for maintaining the functionality and upkeep of the laboratory and its cutting-edge technology equipment, as well as for training and supervising users. Coordination with UMBC departmental offices which represent faculty and graduate students who are supported through CASPR projects is also handled by the Directorate office.

Important functions of CASPR which are called out in its founding charter include “Education and Outreach”. The prominence of CASPR as a national leader in the vital technology area of photonics, has resulted in many calls for the Director and his staff to participate in national and international society meetings and activities devoted to enhancing the number and diversity of skilled graduates in this field. Considerable effort also goes into working closely with federal and state agencies, professional societies, and commercial companies in discussing the impact of  photonics research, leading to new collaboration arrangements and adjustments in CASPR programmatic objectives. 

In last year’s report, we described new capabilities that were being added to enhance CASPR’s optical communications research laboratories.  These have now been installed: We have access to the high-speed optical research fiber line running down the I-95 corridor, and have established connections and feedback loops from UMBC to NASA/Goddard, to the NSA Laboratory for Telecommunication Sciences, to the NSA Laboratory for Physical Sciences, and to terminals in Wilmington, New York, and the Boston area. These are being used in research on signal degradation in long lines and in techniques to avoid and correct such effects. The new CASPR all-Raman amplified 500 km transmission test bed is also now operational. It includes 250 channels for testing high channel count WDM transmission. This high performance system has been linked to other optical networks through connections made available by the newly acquired link down the I-95 corridor. 

2. FUNDED PROJECTS STATUS AND ACCOMPLISHMENTS

2.1 Ultrafast Optics & Optoelectronics Research & Teaching Facility
Sponsoring Agency: NASA

PI: Anthony M. Johnson, Ph.D.

Co-I: Elaine Lalanne, Ph.D.

GRA:
Robinson Kuis


Raymond Edziah


Aboubakar Traore

STATUS:

The Ultrafast Optics and Optoelectronics Laboratory became partially operational in March 2005. The humidity and temperature fluctuations that plagued the lab were resolved in July 2005 and the final stages of the construction will be completed by the end of 2005.  To date $1,551,250 has been spent for the design and construction for the Ultrafast Optics and Optoelectronics Laboratory and the CASPR offices.  

RESEARCH PROJECTS:

Currently, ongoing research projects focus on investigating and understanding the ultrafast photophysics and nonlinear optical properties of nanoscale materials, semiconductor quantum- well structures and ultrashort pulse propagation in optical fibers.   The research is being carried out by doctoral students and research scientists. 

The first research area focuses on studying the optical nonlinearities in optical fibers using the IGA (Induced Grating Autocorrelation) technique developed by Dr. Johnson et al.  This is an important measurement because one of the greatest challenges in optical fiber telecommunications today is the understanding and control of optical nonlinearities, such as self-phase modulation (SPM) and stimulated Raman scattering (SRS). Optical nonlinearities limit the maximum power and information that can be transmitted through an optical fiber transmission system, so that fiber manufacturers and users must continually monitor those parameters. The IGA technique can be extremely useful in fiber development and design because it allows the characterization of the nonlinear optical properties of relatively short lengths of fiber, especially in exotic material optical fibers (such as microstructured fiber and photonic crystal fiber), and rare earth-doped fibers, where the production of long fibers is difficult.

There are various methods to measure these quantities but very few, if any, that can simultaneously measure SPM and Raman gain as the IGA technique. The IGA technique utilizes time delayed photorefractive beam coupling of well-characterized ultrashort laser pulses after they have experienced nonlinear phase distortion (i.e., SPM, SRS …) in a fiber, thus allowing us to study the nonlinear optical properties of the fiber. The IGA technique gives us a quantitative measure of both the ratio of nonlinear refractive index to the effective core area of the fiber, n2/Aeff, and the Raman gain coefficient, gr. Research projects by two doctoral students’ are based on investigating novel optical fibers. Their research projects are described below:

1. Robinson Kuis’s research focuses on photonic crystal fibers, microstructured fiber and single mode fibers. He is using a tunable picosecond Ti:Sapphire laser source to study photonic crystal fibers and microstructured fibers. He is studying hollow core fibers which have a small nonlinearity and have applications in high-power ultrashort pulse delivery – such fibers are useful for optical machining and surgical cutting. Highly nonlinear photonic crystal fibers are used to generate white light continuum which has applications in optical tomography. The optical nonlinearity in both types of fiber is unknown and Rob is using the IGA technique to make these measurements. Additionally, he is characterizing various single mode fibers with the 10 ps Nd:Vanadate laser source operating at 1342 nm.  Robinson is also modifying the IGA model, which worked remarkably well with 50-70 ps duration pulses to account for the increased intensity and dispersive effects of using 1-10 ps duration optical pulses. 

2. Aboubakar Traore’s research deals with studying the nonlinear optical properties of the newly developed and more exotic Tellurite based fibers. The goal of the research is to investigate the nonlinear refractive index and the Raman gain coefficient of these optical fibers. Tellurite glass is generating interest because it is believed to have considerably higher optical nonlinearities than silica glass. Its Raman gain coefficient is about 10 to 30 times greater than that of fused silica and its bandwidth is also about two times larger than that of fused silica. These properties make it a good candidate for fiber Raman amplifiers, fiber lasers, etc. The optical nonlinearities of these fibers have not been well characterized. Abou is using the 10 ps Nd:Vanadate lasers at 1064 nm and 1342 nm to carry out the IGA measurements.

Another research thrust area concentrates on using femtosecond (fs) and picosecond (ps) pulse excitation to study ultrafast dynamics by inducing nonlinear optical changes, such as photo-induced absorption and nonlinear refraction in various materials. Materials currently under study are SWCNTs (Single Wall Carbon Nanotubes) grown within an opal matrix and CS2 with different concentrations and purities of sulfur.  These materials are interesting because the optical nonlinearities can be exploited and used for technological applications.   For applications such as fast light-controlled phase or refractive index modulation at low powers, materials must exhibit a fast and relatively large electronic nonlinearity. Additionally, materials that exhibit strong nonlinear absorption are great candidate for optical limiting applications.

Due to our laboratory capabilities, several powerful optical techniques are possible. The pump- probe and femtosecond transient absorption spectroscopy techniques enable us to monitor optically excited electronic transitions. The Z-scan, four wave mixing and polarization spectroscopy will allow us to characterize the nonlinear refractive index and its origin, i.e. electronic, molecular orientation or thermal and nonlinear absorption (such as two-photon absorption). These measurement techniques are being used by Dr. Lalanne and graduate student Raymond Edziah to investigate the ultrafast switching properties of SWCNT materials and CS2 doped with sulfur.

3. Presently, Raymond Edziah is in the process of constructing a Z-scan experimental set-up to characterize the nonlinear refraction and nonlinear absorption of SWCNTS using 532 nm, 10 ps pulses from a frequency doubled Nd:Vanadate laser. The Z-scan technique is a relatively simple and direct method to characterize both nonlinear refraction and nonlinear absorption. It is a single axis beam distortion measurement, in which the nonlinear material behaves as a nonlinear lens and focuses or defocuses the input beam depending on the sign of the nonlinear refractive index. Z-scan allows one to measure both the real and imaginary part of the third order nonlinear susceptibility (((3)) of a material.  Raymond will extend his research by monitoring the different contributions to the nonlinear refractive index. He will use an electro-optic modulator, to vary the repetition rate of the laser thereby reducing any thermal contributions to his measurements.  

4. Dr. Lalanne has focused on measuring the photo-induced change or response of SWCNTs with the ultrafast pump-probe technique.  The samples consist of a SWCNT doped polymer deposited on a glass substrate. These samples were prepared at Lawrence Livermore National Laboratory. The pump-probe experiment entails the use of two beams, which are spatially overlapped in the nonlinear medium and measures the transient nonlinear transmission or response time. Elaine is currently extending that work to include spectrally resolved transient absorption using a CCD camera. By optically excited the material at 400nm and probing it with a white light continuum, the energy relaxation and charge transfer processes in various materials with 100-femtosecond resolution can be studied. Because of the broad band nature of the white light continuum, it will enable us to monitor transient absorption dynamics over the entire visible spectrum.

5. Another investigation of the CS2:S, with different concentrations and purity of sulfur, for its possible optical limiting applications, is being carried out by Dr. Lalanne and Mr. Edziah. The CS2:S was provided by Brimrose Corporation. Polarization spectroscopy is being used to probe this material. In polarization spectroscopy, a weak, linearly polarized probe beam is crossed with a strong linearly or circularly polarized pump beam. The strong pump beam induces birefringence and selective absorption in the sample and, as a result, the probe acquires a small ellipticity and rotation of its plane of polarization that is monitored through a crossed analyzer. It allows us to monitor the temporal evolution of the re-orientation of the molecules, the origin of n2 in CS2. Elaine will use Z-scan and/or 4-wave mixing to determine the magnitude of n2 in the new CS2:S. 

RESEARCH PLANS:
Future work will include using diagnostic techniques such as time-resolved Raman spectroscopy and four wave mixing. Raman spectroscopy is an extremely powerful tool for characterizing the physical and chemical properties of materials. Additionally, coupled with our ultrashort pulses capability, we can study the temporal evolution of these properties. Four waves mixing will enable one to study the change in the nonlinear refractive index by creating a phase grating within the medium under investigation. We will investigate the use of SWCNTs in different types of geometries – on glass and silicon substrates, embedded between silica opals and embedded in inverse opal structures with the idea of exploiting these geometries for possible enhanced ultrafast optical switching applications. 
Instrumentation Capabilities:

A. 
Ultrafast Optics and Optoelectronic Laboratory

The Ultrafast Optics and Optoelectronic Laboratory is equipped with a variety of state-of-the-art laser systems, optoelectronic equipment and other basic optical and electro-optical components to study novel nonlinear optical materials and nanoscale materials. The major equipment consists of a number of ultrashort pulse laser systems and a TriVista Triple Raman Spectrometer. The following list is a description of the major components.

1. Picosecond laser systems: consists of two Time-Bandwidth SESAM (semiconductor saturable absorber mirrors) passively modelocked Nd:Vanadate lasers at 1064 nm (8W) and 1342 nm (4 W). The wavelength can be extended by frequency doubling to 532 and 671 nm respectively. Both lasers operate at a high repetition rate of 76 MHz and short pulse duration of 10 ps. 

2. Femtosecond laser system: consists of a Coherent ultrafast cw-modelocked Ti:Sapphire Oscillator/Regenerative Amplifier/ Optical Parametric Amplifier system. It is cw-pumped with repetition rate capability from single-shot to 300 kHz from the regenerative and optical parametric amplifiers. This system can produce ~ 120 femtosecond pulses across a continuous spectrum with wavelengths from 250 nm to 2.5 (m. The Ti:Sapphire oscillator configuration can be conveniently changed from femtosecond to picosecond   (~ 2 ps) and vice-versa. We can obtain pulses of up to 3 µJ peak energy, pulse width of 160 fs with a 250 KHz repetition rate at 800 nm with the regenerative amplifier.

3. Tunable Picosecond laser: is a Spectra Physics mode-locked Ti:Sapphire picosecond laser pumped by 5 W solid state CW pump source. . Its output is tunable from 720-850 nm with a maximum output power greater than 700 mW at 800 nm. It emits pulses of 1 - 2 picoseconds (ps) duration at 800 nm with a repetition rate of 82 MHz. Its design has the capability to accept upgrades to 5, 10, 30 or 60 ps duration.

4. The TriVista Triple Raman Spectrometer: consists of three imaging corrected Acton Research Spectrographs; two SpectraPRO 2558 (500 mm focal length each) plus one SpectraPRO 2758 in the final stage, having a 750 mm focal length. The Raman spectrometer contains a total of nine standard gratings utilizing three turrets that are capable of operating from 250 nm to 2000 nm in a continuous manner. The system comes with a Princeton Instrument CCD camera, an InGaAs linear array and an InGaAs detector, all liquid nitrogen cooled.  The TriVista has the option to operate in two modes: additive or subtractive. In the additive mode the resolution is given by all three stages whereas in the subtractive mode the resolution is given by the last stage. The typical spectral resolution of the TriVista with the Spec-10 CCD camera is < 0.02 nm, all over the range, or 0.2 cm-1 (referred to 500 nm).  Extreme stray light rejection allows Raman spectra well below 10 cm-1 apart from the Raleigh line of the laser. The Spectrometer has the additional capability to operate as a single or a double monochromator.

In addition we have diagnostic tools, such as optical spectrum analyzer, analog and digital sampling oscilloscopes. We also have a variety of photodetectors, lock-in amplifiers, miscellaneous optics and high precision motorized translational stages

B.
The Teaching Laboratory
The teaching lab’s primary functions are to expose undergraduate students to lasers and nonlinear optics and to train incoming graduate students. It will be used as part of a graduate lab course. It is equipped with a state-of-the-art High-Q SESAM passively modelocked Nd:Vanadate laser at 1064 nm (4W). The wavelength can be extended by frequency doubling to 532 nm. The laser operates at a high repetition rate of 76 MHz and has short pulse duration of 10 ps.  In addition, various diagnostics tools such as an optical spectrum analyzer, an analog sampling oscilloscope, motorized translation stages, photodetectors and various optical components will be available for the students to build various experimental setups to investigate nonlinear optical concepts.

Presentations:
We collaborated with Newport-Spectra Physics at the May 2005 Conference on Lasers and Electro-Optics (CLEO’ 05) in Baltimore, MD to recreate our IGA setup using their lasers and optical components. A portable IGA setup was built by our graduate students and transported to the floor of the Exhibit Hall of the Baltimore Convention Center – experiments were performed in real time. It was a huge success and we received positive feedback and interest in our work. It was extremely beneficial to the graduate students to participate in such an event. It was a testimony to their hard work that the experimental setup worked on the exhibit floor where the environmental controls were not stable. It also exposed CASPR to the larger optics community and where it received both national and international recognition.

Publications:
F. A. Oguama, A. M. Johnson, W. A. Reed, “Measurement Of The Nonlinear Coefficient Of Telecommunication Fibers As A Function Of Er, Al, And Ge Doping Profiles By Using The Photorefractive Beam-Coupling Technique”,  J. Opt. Soc. Am. B  22, 1600 (2005).

F. A.  Oguama, H. Garcia, and A. M. Johnson, “Simultaneous Measurement of the Raman Gain Coefficient and the Nonlinear Refractive Index of Optical Fibers: Theory and Experiment”, J. Opt. Soc. Am. B 22, 426 (2005).

F. A. Oguama, A. Tchouassi, A. M. Johnson, and H. Garcia, “Numerical modeling of the induced grating autocorrelation for studying optical fiber nonlinearities in the picosecond regime”, Appl. Phys. Lett. 86, 091101 (2005).

H. Garcia, A. M. Johnson, F. A. Oguama, and S. Trivedi “Pump-Induced Nonlinear Refractive-Index Change In Erbium- And Ytterbium-Doped Fibers: Theory and Experiment”, Opt. Lett. 30, 1261 (2005).

Invited Talk:

“Femtosecond Non-Degenerate Pump-Probe Measurements of Single Walled Carbon Nanotubes (SWCNTs) Within an Ordered Array of Nanosize Silica Spheres,” A. M. Johnson, E. N. Lalanne, H. Grebel and Z. Iqbal, Greater Washington Nanotechnology Alliance, October 6, 2004, JHU/Applied Physics Laboratory, Laurel, MD.

2.2 Modeling Analog Fiber Transmission and Fiber Lasers

Sponsoring Agency:  Naval Research Laboratory

PI: Curtis R. Menyuk

Co-I: John Zweck

Objectives and Goals:  The purpose of this project is to lend theoretical support to a number of ongoing experimental efforts in the Optical Sciences Division at the Naval Research Laboratory.  Originally, our research was focused on two experimental efforts.  The first was to support experiments that are being carried out on analog wavelength-division-multiplexed (WDM) communications by Frank Bucholtz, Anthony Campillo, Jr., and their collaborators.  Our goal was to obtain both full simulation models and reduced models that could completely explain the experimental observations and suggest ways to reduce the crosstalk among the WDM channels. 

Status: Our model development has been completely successful, and we have achieved complete agreement between theory and experiment for both the full and reduced models.  This work was presented in the CLEO ’05 conference and is the subject of a journal article that is now going through the Naval Research Laboratory’s internal review process.  We have used a genetic algorithm to search for the minimum crosstalk that can be obtained through the use of dispersion management, and we found, for the parameters of interest to the Naval Research Laboratory, this amount is only 40–50 dB.  This work is now being prepared for publication.  Finally, we have recently had ideas that should allow us to obtain arbitrarily low crosstalk in the regime in which the pumps are undepleted.  We are in the early stages of putting together a patent application on this subject.  

The second experiment was to model a fiber laser experiment being carried out by Tom Carruthers and Michael Gross.  They are using a Fabry-Perot filter to lock the frequency.  We are modeling this experiment in collaboration with Professor Moshe Horowitz of the Technion in Israel.  A paper is currently in preparation.  While not originally part of the scope of the project, we have also been modeling photonic crystal fibers with three different groups at the Naval Research Laboratory.  With Joe Friebele, we have been studying the possibility of compressing pulses using tapered fibers; we are currently preparing a publication on this subject.  With Brian Justus, we have been modeling hollow-core fibers, which are being made for the purpose of delivering high power.  We are now examining the parameters that will optimize the performance.  Finally, with Jaz Sanghera, we are examining chalcogenide fibers, also with the goal of high-power delivery.

Objectives and Goals for the next year:  The project on lasers is drawing to a close, although we expect to continue research in this area with Steven Cundiff of JILA and NIST.  The work on analog communications will continue with the focus on exploring the effectiveness of the methods that we have devised for reducing crosstalk.  Finally, we expect the work that we are doing on microstructure fibers to increase in importance.

Directly related publications:

1. B.S. Marks and C.R. Menyuk, “Analysis of Interchannel Crosstalk in a Dispersion-Managed Analog Transmission Line,” Conference on Lasers and Electro-Optics, Baltimore, MD (May 22–27, 2005), paper CMH5.

2. J. Hu, B.S. Marks, J. Kim, and C.R. Menyuk, “Mode Compression and Loss in Tapered Microstructure Optical Fiber,” Conference on Lasers and Electro-Optics, Baltimore, MD (May 22–27, 2005), paper JWB56.

Participants:  

Curtis R. Menyuk, Professor (overall supervision, work on lasers), 

Brian Marks, Research Assistant Professor (analog communications, holey fibers), 

Jonathan Hu, Graduate Research Assistant (holey fibers), 

Moshe Horowitz, Professor from the Technion (lasers), 

Jinchae Kim, Visiting Student from the Gwangju Institute of Science and Technology (holey fibers), 

Byeongha Lee, Associate Professor from the Gwangju Institute of Science and Technology (holey fibers), 

Unchul Paek, Professor and Director from the Gwangju Institute of Science and Technology.

Special UMBC Facilities:  Forty node cluster in the computational photonics laboratory; Optical Communications Simulator software that was developed at UMBC.

2.3 Accurate Calculation of Bit Error Ratios in Optical Fiber Communications Systems

Sponsoring Agency:  National Science Foundation

PI: Curtis R. Menyuk
Objectives and Goals:  The purpose of this project is to find methods for accurately calculating bit error ratios in optical fiber communications systems, with a focus on the limitations that transmission nonlinearity imposes.  There are two important ways that nonlinearity affects the bit error ratio.  First, the nonlinearity can enhance the noise by parametrically pumping it.  Second, the nonlinear interaction between bits in the same wavelength channel (self-phase modulation) and in different wavelength channels (cross-phase modulation) can lead to signal distortion, which is essentially random because of the large number of bits that interact.  To date, almost all commercial modeling has been built on the additive white Gaussian noise assumption, along with the assumption that simple linearized models can account for the cross-phase modulation distortion of the signals.  

Status: For close to ten years, we have been investigating methods that would allow us to calculate the bit error ratio with arbitrarily high accuracy in noise-loaded optical fiber communications systems.  This work culminated in the development of two techniques.  The first technique, which we refer to as the covariance matrix method, follows the covariance matrix of the noise as it propagates through the nonlinear system.  This technique makes the assumption that noise-noise interactions can be neglected, although it takes into account the nonlinear signal-noise interactions.  A key issue is the appropriate choice of basis.  We have found that it is critical to use a basis in which phase jitter is explicitly separated from other sources of noise; in the case of solitons, timing jitter must be separated as well.  

The second technique uses biasing Monte Carlo simulations.  Our work has been largely — though not exclusively — based on multicanonical Monte Carlo simulations that use learning algorithms to bias the simulations.  We have achieved dramatically excellent agreement at bit error ratios of 10–18 and lower between the two techniques. This work was the subject of a tutorial at ECOC 2003 and an invited talk at OFC 2004.  Since the start of this grant, we have been focusing on the following issues:  (1) Determining the point at which the additive white Gaussian approximation breaks down, (2) finding appropriate reduced models for describing the transmission-induced pattern dependences and the results probability distribution functions for the marks and the spaces, (3) finding better algorithms for separating the phase jitter, (4) applying the noise approach to WDM systems, (5) using similar approaches to investigate the impact of forward error correction and receiver-induced pattern dependences, and (6) extending this work to lasers.  

While progress has been made on all fronts, there have been no new journal publications in this area in the past year, as we have re-oriented what we are doing.  Two have been accepted [one on pattern dependences, which will appear in Optics Letters and on the noise-driven probability distribution functions that will appear in Photonics Technology Letters].

Objectives and Goals for the next year:  (1) Complete and publish the work on the limits of the additive white Gaussian noise approximation.  (2) Complete the work on pattern dependences.  The Ph.D. student working on this subject should graduate.  In addition to our own work, we are collaborating with scientists at the University of Colorado in Boulder.  (3) Continue work in collaboration with scientists at the Università di Sant’Anna in Pisa, Italy on finding better techniques for separating the phase jitter.  (4) Extend this approach to lasers in collaboration with scientists at the University of Colorado in Boulder and Northwestern University.  

Directly related publications:

1. A. Kalra, J. Zweck, and C.R. Menyuk, “Comparison of Bit-Error-Ratios for Receiver Models With Integrate-and-Dump and Realistic Optical Filters Using the Gaussian Approximation,” Conference on Lasers and Electro-Optics, San Francisco, CA (May 16–21, 2004), paper CWA24.J. 

2. C.R. Menyuk, B.S. Marks, and J. Zweck, “A Methodology for Calculating Performance in an Optical Fiber Communications Systems,” Tyrrhenian International Workshop on Digital Communications, Pisa, Italy (Oct. 17–18, 2004), paper 3.1. [Invited.]

3. C.R. Menyuk, B.S. Marks, and J. Zweck, “The Covariance Matrix Method and Its Relation to Soliton Perturbation Theory,” International Conference on Nonlinear Waves, Integrable Systems, and Their Applications, Colorado Springs and Boulder, CO (June 4–8, 2005). [Invited.]

4. R. Holzlöhner, A. Mahadevan, C. R. Menyuk, J. M. Morris, and J. Zweck, “Evaluation of the Very Low BER of FEC Codes Using Dual Adaptive Importance Sampling,” IEEE Comm. Lett. 9, 163–165 (2005).

5. C.R. Menyuk, B.S. Marks, and J. Zweck, “A Methodology for Calculating Performance in an Optical Fiber Communications System,” in Optical Communication Theory and Techniques, edited by E. Forestieri (Springer, New York, NY, 2004), pp. 113–120.

6. Amitkumar Mahadevan, On RCD Codes as a Class of LDPC Codes:  Properties, Decoding, and Performance Evaluation (Ph.D. Dissertation, March, 2005); Joel Morris, supervisor.
Participants: 


Curtis R. Menyuk, Professor (overall supervision, work on lasers), 

Joel Morris, Professor (FEC codes), John Zweck, Assistant Professor (noise effects, receiver effects), 

Brian Marks, Assistant Research Professor (receiver-induced pattern dependences), 

Amit Kumar Mahedevan (FEC codes), 

Oleg Sinkin, Graduate Research Assistant (transmission-induced pattern dependences), 

Anshul Kalra, Graduate Student (receiver effects), 

Walter Pellegrini, Visiting Student from Università di Padova (pattern dependences), 

Marco Secondini, Visiting Student from the Università di Sant’Anna (improved algorithms), 

Enrico Forestieri, Associate Professor from the Università di Sant’Anna (improved algorithms),  

William Kath, Professor from Northwestern University (importance sampling, noise effects), 

Mark Ablowitz, Professor from the University of Colorado at Boulder (transmission-induced pattern dependences, lasers), 

Cory Ahrens, Graduate Research Assistant from the University of Colorado at Boulder (pattern dependences), 

Steven Cundiff from the University of Colorado at Boulder and JILA/NIST (lasers). 

Special UMBC Facilities:  Forty node cluster in the computational photonics laboratory; Optical Communications Simulator software that was developed at UMBC
2.4 Very High Efficiency, High Power Laser Diode Bars

Sponsoring Agency: NASA STTR (Space Technology Transfer Research) Program

PI: Fow-Sen Choa

      Joseph Diep, AdTech Photonics, Inc.

Objectives and Goals: This was a Phase I STTR conducted collaboratively with AdTech Photonics, Inc., in response to NASA’s needs in the area of Lidar Remote Sensing.  Our goal was to develop ultra-high efficiency diode laser bars that can achieve greater than 80% external quantum efficiency, even when operated at very high power, in order to enable various NASA applications including diode-pumped solid state lasers and remote sensing. Our goals also included long life and high reliability operation in space. We set the following milestones:

(1) Introducing innovative structures suitable for high-power, high-temperature laser operations that incorporate well-designed band alignment to reduce carrier overflow leakage current.

(2) Designing, fabricating, packaging, and testing of thin-film laser bars and arrays with double-sided heat removal that  reduce the laser operating temperature and heating-induced losses.

(3) Developing mass production on-wafer processing and packaging techniques that allow the thin film lasers to be processed and separated into discrete laser bars

Status: A new innovative technology was developed which involved a thin-film laser with double-sided heat removal that can fundamentally reduce the laser operating temperature and heating-induced losses. We achieved the first demonstration of thin-film laser oscillation. We made a preliminary study of on-wafer processing and packaging techniques that allow the thin film lasers to be processed and separated into discrete laser bars. In order to improve discrete laser performance, by introducing a carrier-overflow blocking layer in the P-cladding region, we achieved significant reduction of threshold current and its temperature dependence (allowing operation at higher T0). We also achieved improvement in far field radiation pattern angles by introducing an insertion layer in the N-cladding.  

For the above milestones set, we achieved 

(1) Reduction of threshold current and its temperature dependence (higher T0) by reducing the carrier-over flow with an insertion layer in the P-cladding region.

(2) First demonstration of thin-film laser oscillation

(3) Partial demonstration of on-wafer processing of thin-film lasers 

In an inexplicable and unfortunate development, our proposal to continue this STTR into Phase 2 was not approved. NASA and Goddard program managers agreed that this was the result of poor judgment on the part of the review committee, but were required to follow the rules and terminate the work at the end of Phase 1. In Phase I we were able to verify, both analytically and experimentally, that our unique approach would indeed produce the efficient and long-lived pump arrays required for a wide range of Earth and Planetary Exploration missions. Phase II could have resulted in a very significant break-through. In conversations with the Goddard manager, he indicated that there might be another opportunity to revisit the funding decision at the end of this FY or early in the next. We agreed that the development should continue, if possible. 

2.5
RF Photonics
Sponsoring Agency: Army Research Laboratories

PI: Gary Carter

This research is directed at applying optical technology to developing new generations of microwave instruments. An example is a microwave phased array antenna in which optical fiber delay lines very precisely determine and control the phase relationships between antenna elements.

2.6      Microwave Photonics
Sponsoring Agency: Army Research Office

PI: Gary Carter

By using microwave signals to modulate optical transmitters and converting them back again to the microwave domain, we create a new set of hybrid technological possibilities. For instance, a compact high-Q resonant optical cavity was developed, to be used to produce a microwave oscillator or a narrow-band filter.

2.7
High-Performance, Radiation-Hard, 2-D, Mid-IR, APD Arrays

Sponsoring Agency: NASA STTR Program

PI: Fow-Sen Choa

Objectives and Goals: In this STTR project, in Phase I, the original proposal was to develop near–IR photon-counting Avalanche Photo-Diode (APD) devices with radiation hard (RH) features, for Geiger mode operations, which will have high sensitivity, high uniformity, low dark counts, and a short and small after-pulse dark current. In Phase II, the target was to design and obtain reliable, 2-D (at least 4 X 4, but ideally higher) individually addressable APD arrays, with guard-ring and monolithically integrated lenses, that achieve a high fill-factor, low optical crosstalk, and good detector-to-detector uniformity. 

According to NASA’s new requirement, the project plan has been changed to focus on developing photon counting APD arrays instead of the single-element radiation-hard APD devices from Phase I. We will take two approaches: 

(1) Focus on InGaAs/InAlAs mesa-type of APD devices that can achieve high density, small-size element, APD arrays, and 

(2) InGaAs/InP guard-ring and planar-type PD arrays. 

For the first approach, APD arrays using InGaAs/InAlAs were demonstrated and reported in the first Bi-Monthly report. In the second report, we described the photon counting performance of a planar-type InGaAs/InP APD with guard-ring, and presented results of preliminary work on APD arrays monolithically integrated with back-side lenses.  

2.8
Quantum Imaging: New Methods and Applications

Sponsoring Agency: MURI (Multi-University Research Initiative), ARO (Army Research Office)

PI: Yanhua Shih

Together with Johns Hopkins U. and U. of Washington

Objectives and Goals: The phenomenon of ghost imaging was demonstrated by an experiment at UMBC ten years ago. The experiment exploited an apparent “spooky action at a distance” of an entangled photon pair and offered an entirely novel kind of imaging. Further investigations of this phenomenon have led to the development of a new research field. Although questions regarding fundamental issues of quantum theory still exist, our work and the work of others over the past several years have advanced the field to the stage of developing practical applications, in which measurements and imaging may achieve the fundamental limits by means of greater resolution and by means of nonlocal behavior. Recently, Gatti et. al. proposed using thermal radiation to create ghost images in a specific optical setup.  This interesting idea has attracted a great deal of attention.  Like the historical Hanbury Brown-Twiss experiment, this phenomenon is another example of two-photon effects. The first experimental demonstration of thermal light ghost imaging was realized at UMBC very recently. This demonstration was an exciting breakthrough which offers a new approach to imaging — an approach that is especially useful for secure nonlocal space applications. Can thermal light ghost imaging replace ghost imaging using entangled states?  This is the first question to be investigated in this research project. 

Remote “ghost” imaging will have significant civilian and military benefits:     

(1) Imaging using a remote camera will be useful for secure nonlocal space imaging.  

(2) Sub-wavelength imaging will permit lithography with improved resolution.   

Due to the incoherent nature, the spatial resolution of the thermal light ghost image cannot go beyond the classical limit. The most attractive feature is probably in secure space applications.  One may use any natural thermal light source, such as the sun, the moon, as well as a bright star, to take ghost pictures of a space object.  We propose to investigate a “remote camera” for taking ghost pictures of space objects. The mechanism is similar to the recent UMBC demonstrations of “remote spectrometer” and “distant clock synchronization”.

Team and management plan: The team members: Yanhua Shih (PI) (Physics, UMBC), M.H. Rubin (Physics, UMBC), M.R. Gupta (EE, Univ. of Washington), L. Lin (EE, Univ. of Washington), F.S. Choa (EE, UMBC),  J.B. Khurgin (EC, Johns Hopkins Univ.), T.L. Worchesky (Physics, UMBC), L.M. Hayden (Physics, UMBC), A.M. Johnson (CASPR, UMBC), C.R. Menyuk (EE, UMBC), and L. Yan (EE, UMBC).  

Yanhua Shih (PI), UMBC, is coordinating the research team, with management help through CASPR (Center for Advanced Studies in Photonics Research) of UMBC.  This is a multidisciplinary effort among physicists, electrical engineers, computer scientists, mathematicians, and material scientists involving both theoretical and experimental research and semiconductor epitaxy engineering.

3. PENDING PROJECT PROPOSALS

3.1
CASPR NASA Grant: Applications of Quantum-Entangled Photons
Sponsoring Agency: NASA
PI: Anthony Johnson

Following is an abstract of the research plan for the NASA grant funds in FY2005:   

 CASPR will conduct targeted research in applications of entangled photon technology (EPT) which will enable or enhance missions in NASA’s Strategic Exploration Vision. Experiments at UMBC have already verified that these techniques can ultimately provide capabilities for synchronizing distant clocks with femtosecond precision and making distance measurements with extremely high precision. Entangled photon systems could potentially offer dramatically improved  practical alternatives to other technologies in missions such as LISA (Laser Interferometer Space Antenna), formation-flying satellites such as in Constellation-X, Mars and Lunar Orbiter tracking and lander navigation,  as well as in long distance wideband space communication and in Earth-orbiting missions for gravitation studies and navigation.  Instrumentation can be simpler, more reliable, more precise, and less expensive than approaches currently being considered. The UMBC team also demonstrated the use of EPT to scan the absorption spectrum of a remote medium. This may be incorporated as rugged in situ equipment into spectroscopic missions to study hostile environments of planets and moons. 

We will conduct a two-pronged research and development program, which will result in entangled photon technology and systems ready to integrate into NASA Exploration Vision Programs within the decade. The project plan for FY 2005 under this grant includes elements in each of these thrusts: 

I. The first effort consists of a number of coordinated research tasks to advance the state of the art in technologies related to applications of entangled photons. They will include theoretical studies and investigations of several approaches to producing more intense sources of entangled photon pairs. 

II. The second prong consists of building systems demonstrations -- test beds which can be operated outside of the laboratory -- serving as proofs-of-concept, aimed specifically toward expected NASA applications and initially employing today’s technology. They will offer assurance that these concepts, while radically new, are real and can result in uniquely valuable capabilities with reduced costs and risks over alternative approaches. The test beds will then evolve in the following years, to be used to provide the engineering basis for projects implementation and to evaluate improvements resulting from later research products. 

2005 Projects Plan:

(1) Theoretical Studies (Shih, Rubin, Morris, and Pittenger)
(2)  Enhanced Production of Entangled Photon Pairs (Menyuk, Carter, Minkoff, Rubin, Yan, Johnson, Lalanne, Choa, Worchesky, and Shih)
(3) Applications Systems Technology Development (Shih, Choa, Worchesky, Chen, Yan, and Johnson)

3.2
Mid-IR Technologies for Health and the Environment

Sponsoring Agency: NSF Engineering Research Center

PI: 
Anthony Johnson


With Claire Gmachl, Princeton U. (PI)

CASPR has joined with Princeton University, Johns Hopkins U, Rice U, and Texas A&M U to submit a proposal to NSF for an ERC entitled “Mid-IR Technologies for Health and the Environment (MIRTH)”. Princeton U is the lead university. Following a positive review of our preliminary proposal, the MIRTH group submitted a full proposal in June, 2005. We are now awaiting notice to prepare for site visits by NSF in November, and are very optimistic that we will finally be selected for one of the four ERC awards.  

This ERC will develop and perfect mid-infrared technologies – materials, light sources, and detectors – for use in public health and environmental applications. The advancements and inventions of this ERC will take advantage of the unique capabilities offered by mid-infrared radiation to make ultra-sensitive trace chemical detection both possible and affordable, and, in the process creating new product lines and markets.  The potential benefits of ultra-sensitive chemical sensing based on mid-infrared technologies are enormous: in health by replacing invasive procedures and laboratory testing with non-invasive and rapid breath analysis, and for the environment, by enabling improved environmental monitoring and better feedback for models of climate change.  

The proposed ERC assembles a vertically integrated team of academic and industrial researchers with expertise ranging from fundamental materials research to sensor systems design and specific trace gas sensing applications, with a goal to develop the mid-infrared technologies necessary for large-scale trace-gas sensing in the fields of public health and environmental monitoring. Currently available research prototype technologies will be advanced to the level of commercialization, and new technologies will be introduced and adapted to continue the flow of innovation. The advancements and inventions of this ERC will make ultra-high sensitivity trace chemical sensing and testing an affordable commodity, and will thus spread its use and impact. Wide-spread use of ultra-sensitive sensor systems will allow better feedback for mathematical climate models simulating pollutant formation and transport, and improved environmental monitoring will be of benefit in tracking and quantifying atmospheric emissions and understanding the impact of anthropogenic emissions on the environment. 

The UMBC/CASPR team will include Professors F.-S. Choa, M. Hayden, A. M. Johnson, C. R. Menyuk,  J. M. Morris, Y. Shih and C. Welty. Areas of CASPR responsibilities will include growth of mid-IR materials by MOCVD, materials characterization, ultrafast detectors, theoretical modeling of remote sensing, signal processing for mid-IR sensing, and extension into the THz range. The NASA Goddard Space Flight Center will collaborate with CASPR and other ERC partners in assessing mid-IR sensing technology for characterizing important atmospheric constituents, and in developing and operating terrestrial and airborne testbeds. UMBC will also build into the ERC an active educational outreach program to strengthen academic interest and expertise in this technology and the involvement of diverse and disadvantaged student communities. 

3.3
Precision Tracking and Synchronization using Entangled Photons

Sponsoring Agency: NASA – ROSES (Research Opportunities in Space and Earth Science)

PI: Yanhua Shih

We propose to advance technology for measuring spacecraft distances with precisions less than a millimeter and synchronizing distant clocks with picosecond precision. This is in response to ROSES-2005 Program A.28 “Advanced Component Technology” which calls for enhancements in studies of “motions of the Earth”, “Earth Surface and Interior”, and “distinguishing natural from human-induced causes of change”. The technology is based on creating and separating pairs of entangled photons, detecting photons in one of the streams and timing their clicks using a local clock, while sending the stream of “partner” photons to a distant detector, for instance on a geodetic satellite or lunar station, where their arrival is also timed with a spaceborne clock. We have demonstrated that offset of the two clocks can be determined to at least picosecond precision by bringing the two detector records together in a correlator and maximizing the coincidence counts. Costs and complexity are reduced over current practice since no retroreflectors or transponders are necessary. On the basis of our laboratory proof-of-concept experiments and published performance assessments, the technology has reached TRL 3 or 4. Under this proposed program, improvements in generating entangled photon pairs will be developed, and engineering breadboards and portable models will be built to incorporate practical operational features and validate the capabilities and benefits in field demonstrations, bringing technology to TRL 5 or 6. Satellite orbit change sensitivities will be sufficient for detecting minor earth motions and mass variations, perhaps including those caused by human activities. We expect that the realm of sensitivities offered by this technology will enable new kinds of scientific and application programs.

4. PERSONNEL
4.1 Administration Office

Anthony M. Johnson, Ph.D., Director, CASPR

Dr. Johnson was a Distinguished Member of Technical Staff in the Photonic Circuits        Research Department at AT&T Bell Laboratories, in Holmdel, New Jersey. After 14 extremely                                   rewarding years at Bell Labs, he joined the New Jersey Institute of Technology (NJIT) in                                   Newark, NJ, on January 1, 1995 where he was the Chairperson (1/95-1/03) and Distinguished                                   Professor of Physics (8/97-9/03). In addition to position of Director of CASPR, he is a Professor of Physics and a Professor of Computer Science and Electrical Engineering, and held the 2004 Wilson H. Elkins Professorship of the University System of Maryland. His general area of research is in ultrafast optical and optoelectronic phenomena. He has nearly 70 refereed publications, 2 book chapters, and 4 US patents. His current research interests include the ultrafast photophysics and nonlinear optical properties of bulk, nanostructured, and quantum well semiconductor structures, ultrashort pulse propagation in fibers and high-speed lightwave systems. He served as Editor-in-Chief of the number one ranked letters journal in the field of optics, Optics Letters (11/1/95-12/31/01). He served as the 1990 Program Co-Chair, 1992 Conference Co-Chair and 1996 Steering Committee Chair of the Conference on Lasers and Electro-Optics (CLEO ’90, ’92, ’96). He was a General Councillor (94-97), Member of the Executive Board (96-97) and Chair of the Committee on Minorities in Physics (92-93) of the American Physical Society (APS); Member of the Board of Governors (93-95) of the IEEE                                   Lasers and Electro-Optics Society (LEOS). He is currently a member of the DOE Basic Energy                                   Sciences Advisory Committee (BESAC, 99-06) and a member of the Governing Board of the                                   American Institute of Physics (AIP, 02-06). He was the 2002 President of the nearly 15,000                                   member Optical Society of America (OSA) and was the 2004 Chair of the Nominating Committee. He is currently a member of the NRC Board on Assessment of NIST Programs, Measurement and Assessment Laboratories (05-07); member, NRC Committee on AMO2010: Atomic, Molecular and Optical Science (05-06); and a member, 2005 IEEE LEOS (Lasers & Electro-Optics Society) Fellows Evaluation Committee.  Among  his awards and honors, he received the 1988 AT&T Bell Labs Distinguished Technical Staff Award; the 1989 AT&T Bell Labs Research Area Affirmative Action Award; 1993 Distinguished Alumnus Award (Polytechnic Univ.); 1994 Black  Engineer of the Year Special Recognition Award; 1996 Edward A. Bouchet Award of the APS. He is a Fellow of the following societies: OSA (1991), National Society of Black Physicists (NSBP) [1992], APS (1995), American Association for the Advancement of Science (AAAS) [1996], and IEEE (2000). He is a member of the American Association of Physics Teachers (AAPT). Dr. Johnson was a Member and Co-Founder of the OSA Ad Hoc Committee on Women and Minorities in Optics (88-93); Co-Chair, OSA Committee on Women and Minorities in Optics (94-98). Dr. Johnson holds a B.S. (Physics, Magna Cum Laude, 1975), from the Polytechnic Institute of New York and a Ph.D. in Physics (1981) from the City College of the City University of New York – the PhD thesis research was conducted at Bell Labs, Murray Hill, NJ with support from the Bell Labs Cooperative Research Fellowship Program (CRFP) for Minorities. Dr. Johnson is one of 6 six scientists highlighted in an educational interactive video designed for elementary school children called Minorities in Science‚ which was partially funded by NSF. 

Recent publications include: 

H. Han, S. Vijayalakshmi, A. Lan, Z. Iqbal, H. Grebel, E. Lalanne and A. M. Johnson, “Linear                                   and Nonlinear Optical Properties of Single-Wall  Carbon Nanotubes within an Ordered Array of                                   Nanosize Silica Spheres,” Appl. Phys. Lett. 82, 1458 (2003).
H. Garcia, A. M. Johnson, F. A. Oguama, and S. Trivedi, “New approach to the measurement                                   of nonlinear refractive index of short (<25 m) lengths of silica and erbium-doped fibers,” Opt.                                 Lett. 28, 1796 (2003).
F. A. Oguama, A. M. Johnson, W. A. Reed, “Measurement Of The Nonlinear Coefficient Of Telecommunication Fibers As A Function Of Er, Al, And Ge Doping Profiles By Using The Photorefractive Beam-Coupling Technique”,  J. Opt. Soc. Am. B  22, 1600 (2005).

F. A.  Oguama, H. Garcia, and A. M. Johnson, “Simultaneous Measurement of the Raman Gain Coefficient and the Nonlinear Refractive Index of Optical Fibers: Theory and Experiment”, J. Opt. Soc. Am. B 22, 426 (2005).

F. A. Oguama, A. Tchouassi, A. M. Johnson, and H. Garcia, “Numerical modeling of the induced grating autocorrelation for studying optical fiber nonlinearities in the picosecond regime”, Appl. Phys. Lett. 86, 091101 (2005).

H. Garcia, A. M. Johnson, F. A. Oguama, and S. Trivedi “Pump-Induced Nonlinear Refractive-Index Change In Erbium- And Ytterbium-Doped Fibers: Theory and Experiment”, Opt. Lett. 30, 1261 (2005).

Henry H. Plotkin, Ph.D., Associate Research Scientist

Before the establishment of CASPR, Dr. Plotkin served as Associate Director and Chief Scientist of the Goddard Earth Sciences and Technology (GEST) Center at UMBC, and as Senior Research Scientist in JCET (Joint Center for Earth Systems Technology). He received a B.S. in physics from CCNY in 1946; M.S. in physics from NYU in 1948; and a Ph.D. in physics from MIT in 1957. Dr. Plotkin conducted research in magnetic materials at the Westinghouse Research Laboratories, and research in atomic frequency standards at the U.S. Army Signal Research and Development Laboratories. He served in a number of positions at GSFC from 1960 to 1994. Most recently he was Assistant Director of Engineering for Technology Development, responsible for planning and directing development and flight of new technology in spacecraft subsystems, sensors, lasers, robotics, and information systems. From 1974 to 1981 Dr. Plotkin served as Chief of the Earth Observation Systems Division, in the Applications Directorate, developing advanced sensors, instruments, and techniques to study the land, oceans,                                       and atmosphere in the microwave, infrared, visible, and ultraviolet regions of the spectrum. He implemented aircraft, balloon, and space missions to evaluate new techniques and to validate science data and algorithms. His publications deal with laser ranging, optical instrumentation, spectroscopy, and atomic frequency control. Dr. Plotkin pioneered the use of laser systems for precise space tracking and optical communication, proposed and developed the first series of reflecting geodetic satellites, and was a member of the original team for the Lunar Laser Reflectors, which were placed on the moon during Apollo 11, 15, and 16. He joined JCET at UMBC in October 1995, as a senior research scientist and the UMBC Physics Department as a faculty member. He was a member of the team that wrote the successful proposal for GEST                                   and was appointed Associate Director of GEST at its inception. In October, 2002, Dr. Plotkin received the "SLR (Satellite Laser Ranging) Pioneer Award" from the International Laser Ranging Service.
Elaine N. Lalanne, Ph.D., Assistant Research Scientist

Before joining CASPR as an Assistant Research Scientist, Dr. Lalanne received a PhD from the joint department of Applied Physics from New Jersey Institute of Technology/ Rutgers University-Newark in May 2003. She conducted research investigating the ultrafast photophysics and nonlinear optical properties of Silicon nanostructured materials and single-walled carbon nanotubes.  Her dissertation work focused on the nonlinear refractive index and time resolved measurements. She received an IEEE/LEOS Graduate Student Dissertation Fellowship in 2001. She received a BA in physics from Wellesley College in 1994. She has extensive experience in the use of ultrafast laser systems such as Ti:Sapphire oscillator, Ti:Sapphire regenerative amplifier, Ti:Sapphire pumped optical parametric oscillator and Nd:YAG. At CASPR, she is responsible for helping Dr. Johnson to develop and run the Ultrafast Optics and Optoelectronics Laboratory. She has extended her research to investigate ultrashort pulse propagation in fibers and optical limiting.  She is a member of Optical Society of America (OSA), American Physical Society (APS) and National Society of Black Physicists (NSBP).
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