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Motivation—Due to the increasing threat of 
bio-terrorism, we developed a remote sensing 
system to provide advanced warning of 
biological weapons threats. Our goal was to 
design a lidar that was relatively small, 
inexpensive, and rapidly deployable, 
specifically suited for homeland security 
applications. 
 
Accomplishment—We have designed, built 
and tested a UV laser induced fluorescence 
(LIF) remote sensing system for the detection of 
biological aerosols at standoff ranges from 0.5 
km to 5.0 km. This lidar system was constructed 
using commercial off-the-shelf components 
wherever possible, and the optical and 
electronic subsystems are modular and small 
enough to be deployed in a passenger van. 
 
A schematic diagram of the Ares UV LIF lidar 
system is shown in Fig.  1.  A flashlamp-
pumped, frequency-tripled, Q-switched 
Nd:YAG laser provides ~10-ns-wide excitation 
pulses at 355 nm.  Backscattered and 
fluorescent light collected by an 18.75-cm-
diameter Maksutov telescope is collimated and 
directed to a long-pass dichroic beamsplitter 
which reflects light with wavelengths shorter 
than ~360 nm, effectively separating the 
elastically backscattered laser light from the LIF 
light.  The elastically scattered light is focused 
onto a photomultiplier tube (PMT) where it is 
detected and subsequently digitized to provide a 
record of the aerosol backscatter intensity as a 
function of range with 1.5 m resolution.  Laser 
induced fluorescence collected by the telescope 
passes through the long-pass filter and is 
focused onto the entrance pinhole of an imaging 
spectrometer.  The LIF spectrum is detected by 

a gated, intensified charge coupled device 
(ICCD). 
 
The UV LIF lidar system is mounted in a 2-axis 
gimbal that allows scanning ±45º in azimuth 
and ±20º in elevation. Figure 2 is a photograph 
of the Ares system mounted in a van ready for 
deployment.  In operation, the lidar is scanned 
in azimuth over the desired field-of-regard 
while the aerosol backscatter signal from the 
PMT is monitored for evidence of aerosol 
clouds.  When an aerosol cloud is detected, the 
lidar is automatically pointed at the cloud, and 
range-gated LIF spectra are recorded using the 
spectrometer/ICCD.  After a nominal 10-second 
data collection, the LIF spectra are analyzed 
using Classical Least Squares routines to 
determine whether or not the cloud contains 
biological aerosols.  The spectrally resolved LIF 
signal contains valuable information about the 
spectral shape which is key in discriminating 
biological from non-biological aerosols. 
 
The Ares lidar system has been successfully 
operated in a variety of field tests including a 
DoD-sponsored Product Qualification Test 
(PQT) at Dugway Proving Ground in Utah 
which tested its performance as a standoff bio 
sensor. 
 
Significance—Ares has demonstrated the 
efficacy of using temporally and spectrally 
resolved LIF in a practical remote sensing 
instrument to detect and discriminate threat bio- 
logical aerosols. As a result of successful field 
testing, Sandia has signed a Cooperative 
Research & Development Agreement (CRADA) 
with Smiths  Detection,   Edgewood   to transfer  
this technology to industry.  
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                Figure 1.  Schematic of the optical system for the Ares UV LIF lidar system. 
 
 
 

 
    
        
      Figure 2.  Photograph of the Ares UV LIF system mounted in a van ready for deployment. 

   
 7 


	Message from the Director
	Table of Contents
	Science for National Security Needs
	Ares Ultraviolet Laser Induced Fluorescence (UV LIF) Standoff System Development and Testing by R. L. Schmitt, et al.
	Radiation Effects Microscopy for First-Pass Success of an Application Specific Integrated Circuit (ASIC) by G. Vizkelethy, et al.
	Plasma-Surface Interactions by E. V. Barnat and G. A. Hebner
	The Influence of Lead Stoichiometry on the Phase Behavior of PZT 95/5 by E. L. Venturini, et al.
	Dynamic Mechanical Properties of Alumina-Filled Encapsulants by R. E. Setchell, et al.
	The Very Large Dielectric Constant of CaCu3Ti4O12:  An Inhomogeneous Semiconductor by G. A. Samara, et al.

	Defects in Compound Semiconductors
	Nitrogen Vacancy Diffusion and Trapping in Mg-doped Wurtzite GaN by A. F. Wright and T. R. Mattsson
	Determination of Minority Carrier (Hole) Transport Properties in GaN-based LEDs by Steven R. Kurtz and Robert J. Kaplar
	Reduced Dislocation Densities in High Aluminum AlGaN Alloys for Deep Ultra-Violet Light Emitting Diodes by A. A. Allerman, et al.
	Reduction of Deep Level Emission in AlGaN-based Deep Ultraviolet Emitters by M. H. Crawford, et al.
	The Interaction of Defects and H in Proton-irradiated GaN(Mg,H) by C. H. Seager and S. M. Myers
	Configurational Defect Bistability in Semiconductors:  The MFe Center in InP by G. A. Samara

	Terahertz Radiation Science & Technology
	Expanding the Operating Range of Terahertz Quantum-Cascade Lasers by J. L. Reno
	Millimeter Wave Mixing Using Plasmon and Bolometric Response in a Double-quantum-well Field-effect Transistor by Mark Lee, et al.
	Applications for Terahertz Time-domain Spectroscopy by R. Foltynowicz

	Science for Solid State Lighting
	Cantilever Epitaxy of GaN Receives R&D100 Award by D. M. Follstaedt, et al.
	Interaction of Magnesocene (MgCp2) and Ammonia (NH3) Explains "Memory Effects" During p-Type Doping of Group-III Nitrides by G. T. Wang and J. R. Creighton
	Tunable Broad White Light Emission from Single Size Semiconductor Quantum Dots by J. P. Wilcoxon, et al.

	Mechanics of Materials and Systems
	Mechanical Dissipation in Disordered Materials:  Micro-scale to Nano-scale by J. P. Sullivan, et al.
	Island Coalescence Stress:  Solving a 30-Year-Old Scientific Debate by S. J. Hearne, et al.
	Shear in Granular Couette Cells by Gary S. Grest, et al.

	Nanoscale Studies of Surfaces
	Implications of Spectroscopic Measurements of an Ultrathin Water Layer by Peter Feibelman 
	Scanning Probe Studies of Water Nucleation and Growth on Aluminum Oxide by N. Missert and R. G. Copeland
	Switchable Monolayers for Microfluidic Systems by Bruce Bunker, et al.
	Bridging the Nano-Micro Length Scale in Surface Science by G. L. Kellogg, et al.

	Biomolecular Materials
	A Thermostable Kinesin Motor Protein for Hybrid Nanosale Systems by G. D. Bachand, et al.
	Nanoparticle Transport Using Motor Proteins by Bruce Bunker, et al.
	BioLaser INCEPTOR for Rapid Detection and Differential Analysis of Anthrax Endospore Simulants by Paul Gourley, et al.
	Antibody Trapping on Switchable Films by Bruce Bunker, et al.

	New Properties of Nanomaterials
	Photocatalytic Nanotubes by John A. Shelnutt, et al.
	Fe Nanoclusters:  Novel Solution Synthesis and Enhanced Magnetic Properties by D. L. Huber, et al.
	Nanoporous-carbon:  A Revolutionary New Material for Chemical Microsensors by M. P. Siegal, et al.
	Ferromagnetic Domains Induced by Dipolar Coupling? by James E. Martin, et al.

	Quantum Phenomena
	Tunneling in Double Quantum Wire Devices by M. P. Lilly, et al.
	Hysteresis in Double Quantum Well Structure:  Evidence for a Wigner Crystal by W. Pan, et al.
	Dipolar Centers in Quantum Paraelectrics:  Mn and Fe in KTaO3 by E. L. Venturini and G. A. Samara

	Recent Awards and Prizes
	Government Advisory Boards and Professional Societies/International Committees/Journals
	Resources and Capabilities
	Physical, Chemical, & Biomolecular Sciences Center - FY04 Budget


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




