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PREFACE

Laser Science is an emerging technical area with a strong interdisciplinary flavor. It is based on
a wide range of traditional interest areas, including (but undoubtedly not limited to) atomic and
molecular physics, chemical physics, condensed matter physics, optical physics and engineering,
plasma physics, physical chemistry, photochemistry, materials science and engineering, electrical
engineering, gaseous electronics, quantum electronics, and electro-optics. At the core of laser
science are the mechanisms of the lasers themselves and the interaction of the laser photons with
matter (spectroscopy and photoprocesses). Surrounding this core is the wide spectrum of scientif-
ic applications of lasers, not only in the disciplines mentioned above, but also in virtually every
other area of science and technology. The primary purpose of the International Laser Science
Conference (ILS) is to survey annually both the laser and spectroscopy/photoprocesses core areas
and a wide variety of selected scientific applications of lasers. Secondary goals include improved
cross fertilization among the areas listed above and improved international scientific communica-
tion.

The first such ILS Conference (ILS—I) was held at the University of Texas at Dallas Confer-
ence Center, November 18-22, 1985. The conference was a Topical Conference of the American
Physical Society, and was designated the Annual Meeting of the newly formed Topical Group on
Laser Science. Carl B. Collins (University of Texas at Dallas) was Conference Chair, and also
headed the local organizing efforts, with exemplary secretarial assistance by Lynda Horne and her
colleagues. The Center itself provided an outstanding environment for the conference with both

_ready access to the meeting rooms and abundant space for informal discussion. Richard C. Powell
(Oklahoma State University) was Conference Co-Chair, contributing administrative expertise,
especially with financial arrangements. Rolf Gross (Aerospace Corporation) was International
Co-Chair, a post designed to aid international participation in the conference. His diligent efforts
provided a solid international base for this first meeting. The program was assembled by us, with
generous advice from the Program Committee and the tireless efforts of those members of the
Program Committee who agreed to organize sessions. Receipt, compilation, correction, and ac-
knowledgement of abstracts and assembly of the Program (printed in the Bulletin of the American
Physical Society) was done by the expert and dedicated secretarial staff at the University of lowa

_Laser Facility, headed by Lynn Borders, the ILS—II Administrative Assistant. Generous support
for ILS—I was provided by the Air Force Office of Scientific Research, the Army Research Office,
the National Science Foundation, the University of Texas at Dallas, and the University of Iowa.

The conference consisted of five parallel sessions over five days and included four outstanding
Plenary Talks. Poster sessions (including many postdeadline papers), which allowed for greater
individual discussion, were presented late Tuesday. Session organizers were encouraged to make -
thoughtful development of session topics a prime consideration. Contributed talks were included
only when they meshed well with invited and overview talks.

The speakers at the ILS Conference were given instructions for preparation of the brief camera-
ready manuscripts at the meeting. They did, with few exceptions, an outstanding job (as they had
in their oral and poster presentations), thereby reducing the editorial burden and also the review-
ing burden, borne for the most part by the Session Organizers (listed in the Table of Contents) and
the International Co-\ehmr The papers here are organized by subject, rather than chronologically,
with the poster papers in some cases being rather arbitrarily assigned. Final responsibility for the
physical assembly of the 258 papers in this volume went to Lynn Borders, whom we thank most
sincerely for an exceedingly impressive and heroic job.

William C. Stwalley Marshall Lapp
University of Iowa, ' Sandia National Laboratories,
Iowa City Livermore
. Program Chair Program Co-Chair

International Laser Science Conference—I
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Photon-Dressed Discrete States in the Continuum..............cccoovvveeierivnncininens
N. K. Rahinan and A. Lami

-

VIII. ATOMIC SPECTROSCOPY
Sessions organized by M. H. Nayfeh, University of Illinois, Urbana

Laser-Cooling and Electromagnetic Trapping of Neutral Atoms (plenary) ........
W. D. Phillips, A. L. Migdall, and H. J. Metcalf

High Resolution Laser Spectroscopy of Atomic Hydrogen (invited)..........cun.n.
R. G. Beausoleil, B. Couillaud, C. J. Foot, T. W. Hinsch, E A. Hildum,
and D. H. MclIntyre

One-Dimensional Giant Dipole Atoms (invited)
M. H. Nayfeh, D. Yao, Y. Ying, D. Humm, K. Ng, and T. Sherlock

Time Reversal Invariance and Electric Dipole Moments of Atoms (invited) .....
F.J. Raab

Autodetaching States of Negative Ions (invited) ..........ccvnnennenicescnininnninnn
C. W. Clark

Laser Photodetachment Spectroscopy of the Negative Chlorine Ion (invited)...
R. Trainham, G. D. Fletcher, and D. J. Larson

Laser Spectroscopy with Relativistic Beams (invited) ........ccovenvivrcncccicsivninonnnn
H. C. Bryant

Cross-Saturating Sideband Absorption: The Limits of Detectivity (invited)......
J. Bialas, R. Blatt, W. Neuhauser, and P. E. Toschek )

Atomic Vapor Laser Isotope Separation (plenary) ... Creverersesens
R. C. Stern and J. A. Paisner

Optical Lamb-Dicke Confinement of a Ba* Mono-Ion Oscillator.....................
W. Nagourney, H. Déhmelt, and G. Janik

Hyperfine Structure and Isotope Shifts in Heavy Atoms..............c...... t
Z. Fang, O. Redi, H. H. Stroke, R. Neugart, A. Ahmad, H. T. Duong,
and K. Wendt

Laser Spectroscopy of Radioactive Atoms using Photon Correlation

TEERMIGUES .........coveeieerrrarerres e crcmesisbassrss s s sa sttt e a b e r s
A. G. Martin, S. B. Dutta, W. F. Rogers, and D. L. Clark

A High Resolution Computer Controlled Dye Laser System..............conenen,
D. L. Clark, A. G. Martin, S. B. D« tta, and W. F. Rogers

Resonance Ionization Mass SpeC +vonetey of Mg: The 3pnd Autoionizing
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R. E. Bonanno, C. W. Clark, J.D . fassett, and T. B. Lucatorto

‘ligh-Resolution Absorption Spectrum of the 6'S,—6’P, Transition in
Mercury with a CW Dye Laser. ...
J. K. Crane, G. V. Erbert, S. D. Mostek, R. C. Kerlin, and J. A. Paisner

\leasurcments of the Specific Mass Isotope Shift in 2’Ne and **Ne for Levels

of the (2p%)3s, 3p, 3d, 4p, 5s and 4d Configurations using Laser Optogalvanic

Spectroscopy: A Preliminary Report....... O TS U UV SRR
P A. Crowell, J. A. Ruff, and F. A. Moscatelli




Doppler-Free Collinear Fast Jon Beam Laser Spectroscopy of the Neutron-Rich
Barium Isotopes "**? Baand '“Ba.................cmmeimmnsimmmnesmmisssin 415
H. A. Schuessler, K. Doerschel, U. Trebus, M. Brieger, S. Chen, Y. Wang,
J. Zhang, R. L. Gill, A. Piotrowski, and C. D. McDonald

- IX. MOLECULAR SPECTROSCOPY
Sessions organized by W. S. Warren, Princeton University; and R. J. Saykally, Umvers:ty of
California, Berkeley

Spectroscopy, Relaxation and Laser Action in Pr’*.LaF, (invited) .................... 417
R. Kichinski, F. Moshary, and S. R. Hartmann

Interaction of Transient Temporally Modulated Laser Radiation with Slmple
Atomic SYStEMS (MUIed) ...ce.o..icoreil e sesreiresssanistissssissnssisstenstssesassssnssesssarssss serssnsen 421
Y. S. Bai, W. R. Babbitt, A. G. Yodh, and T. W Mossberg

Temperature and Frequency Dependent Optical Dephasfnb of Impurities in

Crystals (invited) .........cooneecereeeeeeeeeeirenecreerenen, Nrrrrsseensssessssssens s 1425
D.Hsu, L. Root, andJ. L. Skmner .
Ultracoherent Transient Spectroscopy ( mwted),( Mreeiinsisssnstesnaes 429
' W.S. Warrenand J. L. Bates ‘\.\
Modulated Emission in Todine Vapor-................... . TSR W 433

-

A. Z. Genack, P. Mitra, and A. Schenzle

\
Observation and Relaxation of the Two-Photon-Exclted-State Tﬁlevél Echo
in Sodium VAPOK ... eeeeg e eensre et e 437
T. J. Chen, D. DeBesr, and S. R. Hartmann '

Noble Gas Induced Collisional Line Broadening of Atomic Li Rydberg §tates\

nS and nD (n = 4 to 30) Measured by Trilevel Echoes.............cocccoovceoncrenreneecnnnrn. 1 439
E. Y. Xu, F. Moshary, andSRHartmann ] | et

Femtosecond Time-Resolved Spectroscopy of Coherenf Vibrdtional and— C

Electronic Excitations in SOMAS .-.............ooo...oeemmeeeoeeereeeeeeremmeeseeeeemmreeee et 441
L. R. Williams and X. A. Nelson ol

Laser and Fourier Transform Spectroscopy: Diatomics to | :

Organometallics (invited) ..o eeoveeeeeeeiecer et eeesevesesen s s baeneesssssasnnenas 443
P. F. Bernath : \

Vibrational Predissociation Spectroscopy of Molecular Clusters (mmted) ........ 447
J. M. Lisy

Theoretical Approaches to Understanding Molecular Multiple-Plioton -

EXCItAtION (DIeNAFY) ..ovueieierieecirrrenens e sie st snisesevesesse st s beebsssn st sass s s b esaessssnsses 452

C. D. Cantrell
Infrared Spectroscopy Using Optogalvanic Detection of a Radio-Frequency

DESCRATEE ...ttt st s s st s e es esensbesse sassamsesaesassbetesenseseareen 456
G. W. Hills, W. J. McCoy, and R. E. Muenchausen
Color Center Laser Spectroscopy of Free Radicals...............cccoovrrrernenne.. . 458

C. B. Dane, W. B. Yan, D. Zeitz, J. L. Hall, R. F. Cur], Jr, J. V. V. Kasper,
and F. K. Tittel

Laser Induced Fluorescence of Cs,: Five New Electronic States......................... 460
C. Amiot and J. Verges
Prompt and Delayed Photolysis of Cs, Excited at Blue Wavelengths ............... 462

F. Davanloo and C. B. Collins



Lifetimes of Na, in the b>TI, StAe ............cccomriminremiirmnrrinteesiessis st esseenes 464
B. E. Miller and P. A. Schulz

Long Range Potential of the A'X ;" State of Na, Using Modulated Gain

SPECLIOSCODNY ...vvoreceererinrrrrrrarioesressessrsssssssissmmsiiemsisssssssessssssssssessissssssssassssssssssnsssssstnsss 466
G. Chawla, H. S. Schweda, H. J. Vedder, R. W. Field, S. Churassy,
A.M. Lyyra, W. T. Luh, and W. C. Stwalley :

High Resolution Laser Induced Fluorescence Spectroscopy of Highly

Excited Vibrational Levels in NaAr: A%IL, and B2 " ......ooovvvvicnvcnreccccicnnns 469
A. M. Lyyra, W. P. Lapatovich, P. E. Moskowitz, M. D. Havey, .
R. Ahmad-Bitar, and D. E. Pritchard '

Two Photon Sequential Absorption Spectroscopy of thé-E(0+) State of
Indine Monofluoride........... reeeesresestiehronesabenetesae e bt s eas e e e b e s ReR R R T n s bd bes L db e Led ba b b e s 472
B. K. Clark and 1. M. Littlewood .

Doppler-Limited Color Center Laser Spectroscopy of Hydrogen-Bonded

Complexes: v, HCN—HF and its Hot Bands............ccccoonimminioniicnnns 474
E. K. Kyrd, M. Eliades, A. M. Gallegos, P. Shoja-Chaghervand, '
and J. W. Bevan '

X. LASER CHEMISTRY, IONIZATION, DISSOCIATION, AND COLLISION DYNAMICS
Sessions organized by P. M. Dehmer, Argonne National Laboratory; J. L. Gole, Georgia Institute
of Technology; P. D. Kleiber, University of Iowa; and D. R. Crosley, SRI International

Multiphoton Ionization Spectroscopy of Triplet States and Radicals

Created in a Supersonic Beam (invited) .............. et aete et re b snta s s resens e saaesaseaeahs 476
P. M. Johnson and S. W. Sharpe : )
Double Rydberg Spectroscopy (invited) ........umicmsesncniisinsiisisismnmieses e 480

P. Camus, P. Pillet, and J. Boulmer

Dynamics of Cluster Dissociation Following Multi-photon Ionization (invited).. 483
A. W. Castleman, Jr.

Photodissociation Dynamics of Small Ionic Clusters: Trimers (invited) ............. 488
H.-S. Kim, M. Jarrold, A. Illies, and M. T. Bowers

Photoionization and Predissociation of Excited States of NeXe, ArXe,

KEXE A0 X€; .oovnreniienncrisescnnesss s sis s sns s s e e s 493
S. T. Pratt, P. M. Dehmer, and J. L. Dehmer
Spectroscopic Studies of Supersonic Semiconductor Clusters..................ocove.e. 495

Y. Liu, J. Heath, S. O’Brien, Q. L. Zhang, R. E. Smalley, R. F. Curl,
and F. K. Tittel .

State-Resolved Photofragmentation of OCS and CS; (invited) .......coccoovrmvienennee. 497
J. W. Hepburn, I. M. Waller, G. E. Hall, N. Sivakumar, I. Burak,
and P. L. Houston

Optical-Selection In the Double Resonant Two-Photon Photodissociation

of NO, (invited) ......... FeheessessissesiersiesoretstES SRS ORISR ST SE R SRR S SRR e e S e R 501
L. Bigio and E. R. Grant ) ,

Multiphoton Ionization of Metal B-Diketonates and Metal

Tetraphenylporphyrin Complexes: Ligand Dissociation vs Molecular

LOMIZAIOM .....ceveveeviveereeeeeeeeeeeretsesssassbresearasar s rrssss casseateemsesesises e bsaersbsassanrr et s s eanissessa s 507
J. B. Morris and M. V. Johnston



An Overview of Laser Effects on Collision DyDAMICS (OVErVew) «...vceeevcesserssrrrsnns 509
P.L. DeVries

Observation of Curve Crossings in Radiative Collisions of Xenon
ALOIS (FUIEA) 1evrerrerreseresneisissssiisssestoniissssssssssismarsistiastssessesseses soassssessmsasssarscsssnsisssasnssos 513
J. W. Keto and N. Béwering

Photodissociation of Na, Studied by Doppler Photofragmelit

Spectroscopy (invited) ...........cccvaciisres endribrererenatsasronsns sasssnaten prersesrenrasreseeren seeesenne . 517
G. Gerber and R. Méller ’ o

Bound-Free Transitions in Molecular Metnl Trimers. (mvited Y ciriveorenereereersrsesnnsas 522
J. L. Gole

Ionization Threshold Energies for Metal Clusters (invired) .....c..cooovvevieveeisnienns 527
D. M. Cox, R. L. Whetten, M. R. Zakin, D. J. Trevor, K. C chchmann, ‘
and A. Kaldor

Possible Observation of Emission from the K + NaCl Reaction

Complex (invited) ......cvvivoreinmmmnsnssisssnisns sesreestentresarensanspirsnae tasaranais .. 531
S. J. Ulvick, P. R. Brooks R. F. Curl, Jr., and J. H. Spence

Dynamics of Reactive Collisions by Far Wing Laser Light Scattering............. 535

P. D. Kleiber, A. M. Lyyra, K. M. Sando, V. Zafiropulos,
and W. C. Stwalley

Polarization and Alignment Eﬂbcu ilf-!?ollisions Involving Open-Shell

Molecules (overview),........ouusevivarseens LiressssrserseneeanbessratskeesssaEssRSLRbSTRSItORR PIASFEIER TS n b baR R st 538
M. H. Alexander, G. C. Corey, S.-L. Davxs, and P. J. Dagdigian
 State-Specific Collision Dynamics of OH Radicals and N Atoms (invited) ...... 545

R. A. Copeland, D, R. Crosley, and J. B. Jeffries
Anisotropies in Laser-Induced Chemical Processes: Ejection of OH by

the HONO A State (invited)........ evesseimasassasates tasesrerreetanesaaesnrinesinas s aarsesaneaestereensaess 549
R. Vasudev

Electronic Self Quenching and Energy Transfer Rate Constants for
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M. C. Heaven and L. J. van de Burgt

Modeling of Ion Molecule Reactions at High Pressures.............cccoovee e 558

C. D. Eberhard, C. B. Collins, and J. Stevefelt

The Importance of Three-Body Processes to Reaction Kinetics at

AtMOSPhEric PreSSUeS ..o s st 560
V. T. Gylys, H. R. Jahani, Z. Chen, C. B. Collins, J. M. Pouvesle,

and J. Stevefelt

Gas-Phase Oxidation of Atomic Boron and Boron Monoxide............c.c.coeivenr. 562
R. C. Oldenborg and S. L. Baughcum

Photochemistry of Trimethylgallium with Applications to Atomic Galhum

REACHION KAMELICS ....voveveereiteets et ceer e stessr s es e s s s s e 564
' S. L. Baughcum and R. C. Oldenborg
Laser-Induced Chemistry of the Allyl Halides ... 566

J. K. McDonald, J. A. Merritt, and'S. P. McManus

Photofragment Vibrational Excitation and Thevmal Chemistry Following
351 nm Photolysis of Mn,{CO} g v et 568
R. G. Bray, P. F. Scidler, J. S. Gethner, and R. L. Woodin



Kinetic Spectroscopy Using a Color Center Laser...................cinirinnnss 570
J. W. Stephens, J. L. Hall, D. Zeitz, R. F. Curl, Jr., G. P. Glass,
J. V. V. Kasper, and F. K. Tittel

Two Photon Spectroscopy of Autoionizing Levels of Nitric Oxide...................... 572
P. M. Dehmer, J. L. Dehmer, and S. T. Pratt -

The Mechanism for Multiphoton Ionization and Fragmentation of CH,I ......... 574
J.C.Han, Y.F.Gua, S.J. Su,J. F. Chen, Y. F.Ji,and S. H. Liu :

Probe Investigation of Laser Produced PIasmas.................ccccocreivnrcenncrcniinns veees 576
A.M. Abdel Nasser, L. Zaki, and L. El Nadi _ o

Rnby Laser-Induced Breakdown of Argon . . SHTSON ORI 1
"Y.E. E-D. Gamal, I. M. Azzouz, and M. El Nady )

-~ Lase -Enhanced Spin-Exchange Collisions .. riiiieees e restesessaabasesterens 580

L. L. Vahala and M. D. Havey
Experimental Fine-Structure Branching Ratios for Na-Rare Gas Optical

\ M. D. Havey, F. T. Delahanty, L. L. Vahala, and G. E. Copeland

XI. ULTRAFAST SPECTROSCOPY
Sessions organized by G. A. Kenney-Wallace, University of Toronto

Spectroscopic Techniques in the Femtosecond Range (invited) ...........ccccoerivine.. 584
J.-C. Diels and 1. C. McMichael

Characterization of Ultrashort Laser Pulses by the Method of

P. M. Fauchet, W. L. Nighan, Jr., and R. Trebino
Time Resolved Picosecond Raman Induced Phase Conjugation in Liquids

B SOMAS........coeereeeemervrnrernareesesesrersnserssessosstsrsessstars s s assntssssnastasssssasesersessresesssonass 590
P. J. Delfyett, R. Dorsinville, and R. R. Alfano
Time-Delayed Four-Wave Mixing in Sodium Vapor..........cccovviinnininnnnrs 592

D. P. DeBeer, L. G. Van Wagenen, R. Beach, and S. R. Hartmann

Comparison of Picosecond Four-Wave Mixing Techniques for Measuring
Orientational Relaxation Times .............cccocociviinniniiins Tviaeavetsreesensebensranasie senene 594
A. B. Myers and R. M. Hochstrasser :

Recombination and Relaxation Dynamics of Diatomic Molecules in
Condensed PRASES (/MUITEA) .......cceeeererereenrentriereacrestereieesierssessssnessssssesasisstsssssssrssnss 596
N. A. Abul-Haj and D. F. Kelley

Picosecond Reorientational Dynamies of Oppositely Charged Dye
Molecules. Correlation with the Dielectric Friction (imvited) .......coovvvcveeeiiss 600
E. F. G dgin Templeton and G. A. Kenney-Wallace

Unimolecular Reactions of Isolated, Collisional Gas Phase and Solvated

Molecules: Connections between Stilbene Isomerization Rates under

Supersonic Jet and Thermal Gas Phase Conditions (invited) ... 604
M W_Aaalk. S. H. Courtney, and G. R. Fleming

Simultaneous A.nplificaticn and Compression of CW Mode Locked

NAWAG T .i2F PUISES ..ot eevveeerereecreesrisai et ssaes e b sbens e are s nes s assra e s e cens s 608
£ F Jossa u L. d. Goldberg



Femtosecond Resolution Ultrafast Ion Reaction Time Measurement,

A Pulsed-Laser Field Desorption Time-of-Flight Spectroscopy.......................... 610
T.T. Tsong™~ ..

Direct Observation of Highly Excited Single Vibronic Level Relaxation in

Contdenged Medif ...............ccrrinennninnmeniisiise et eesseesseestsssssesess s esaes 612
J. B. Hopkins and P. M Rentzepls
Colliding Pulse Modelocking of Solid State Lasers........vveniiin e 614
G. P. Sheng and L. Lihuang ' :
Subpicosecond High Power UV-Laser System..............coc.covmomverveeereomeessrerernonn 616
A.P. Schwarzenbach, T. S. Luk, U, Johann, I. McIntyre, A. McPherson,
K. Boyer, and C. K. Rhodes .
Picosecond Raman Studies UuingnSKHzTunableDye Laser System ............. 618

J. B. Hopkins and P. M. Rentzepis

. XIL LASER DIAGNOSTICS, ANALYSIS, AND SENSING
Sessionsorganized by R. K. Hanson, Stanford University; D. M. Lubman, University of Michigan;
R. M. Measures, University of Toronto; A. C. Tam, IBM Research Laboratories; and D. K.

Applicability of Resonaat Two Photon Ionization in Supersonic Beams to

Halogenated Aromatic Hydrocarbons (invited) ..................oovevoeoooeeneereeeeesrrronn, 620
R. Tembreull and D. M. Lubman
Three Dimensional Visualization of Supersonic Flows.............ccoooeeevvereennnann.. 624

G. L. Segpl, G. D. Wiemokly, C. E. Gardner, and M. A. Kwok

Gas Dynamic Focusing in Supersonic Jets: Applications to Chemical Amlysls 626
S. W. Stiller, B. D. Anderson, and M. V. Johnston

Ultraviolet Laser Applications to Combustion Diagnostics (invited) ................... 628
A. W. Miziolek, B. E. Forch, R. C. Sausa, and M. A. DeWilde

Photofragment Fluorescence as an Analyﬂul Techniqne: Applintion to

Gas-Phase Alkali Compounds................................. . 632
R. C. Oldenborgand S. L. Baughcum

Laser Diagnostics of Semiconductor Processing Systelu (invited)) ........c.ccuvnu.. 634
A. C. Stanton and J. Wormhoudt ~

Stimulated Raman Gain Spectroseopy of GaAs (invited) : 638
S. Beck and J. Wessel » .

High Resolution, Mass Reao]ved Spectra of Rare Isotopes (invited)................... 642
C. M. Miller, R. Engleman, Jr., and R. A. Keller )

Exciplex-Based Diagnostics for Fuel Sprays erresesnessspussrennerseres 646
L. A. Melton, A. M. Murray, and J. F. Verdieck i

Laser-Photoacoustic Spectroscopy of Humid and Polluted Air (invited) ........... 648
M. . W. Sigrist, S. Berriegger, J. Hinderling, and P. L. Meyer « ‘

Light Scattering Diagnostics Applied to High Voltage Spark Discharges vereenenn 652
A. Scheeline, M. J. Zoellner, and M. A. Lovik

Lithium Plasma Generation for PBFA-II Ion Diodes (mvned) ................ coeneieens 654
J. K. Rice, R. A. Gerber, and G. C. Tisone -

Laser Resonaince SBIUFRHON (F0Hed) ...........ovovneeeeivesiieeeeeeeeeeeeeeeeeessessssrsesesssssen 658

R. M. Measures, M. A. Cappelli, R. S. Kissack, and S. K. Wong



