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KN 01. How the Laser Came to Be

Anthony E. Siegmart
Stanford University, USA

At this point it is almost 50 years since the first laser was operated; approaching 60 years since its
predecessor, the first microwave maser, was conceived and operatedpsntb 100 years since the
stimulated emission concept was first proposed. This talk will look back at the important physical ideas
and people involved in the early development of masers and lasers, leading to the "Maser Era" of 1950s,
the dramatic expkion of laser technology that followed Maiman's first ruby laser in May 1960, and the
immensely productive developments in this field that continue even today.

! E-mail: siegman@stanford.edu
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Al 01. COIL Radiation of High Brilliance

Jurgen Handke'

German Aerospace Center (DLR)stitute of Technical Physi¢sanger Grung
D-74239 HardthauseGermany

High brilliance performance of chemical oxygen iodine lasers (COIL) requires resonator concepts that enable
efficient power extraction from a low gain medium while the beam quality ie ¢tothe diffraction limit. Different
resonator concepts are grealuated by numerical methods and the promising candidates are adapted to a 10 kW
class COIL system. Theoretical predictions and experimental results are found to be in excellent agféement.
beam quality of different resonator architectures is evaluated by standards reported in literature.

The chemical oxygen iodine laser (COIL) is well known as a reliable source to produce laser output power
up to the multi megawatt level. In additiongetthigh homogeneity of the gain medium provides the
potential for near diffraction limited generation of laser radiation. Therefore, COIL is one of the most
promising candidates for directed energy applications. This deployment demands excellent far field
characteristics of the radiation. The resonator is no longer qualified by the extraction of high laser power,
but by the generation of a beam quality that allows for a high power density far away from the laser
source. The deployment also imposes additioegliirements to the resonator concept like compactness
and mechanical stability. While concerning real high power systems beam quality might not be an issue
due to the applicability of well known unstable resonator designs. But much research has t® &eadon
reduced power level.

Efficient power extraction from COIL allows only low values for output coupling, due to the COIL
inherent low gain medium. Because of the large COIL medium cross section, a stable resonator exhibits a
high Fresnel number resulg in an high multimode operation with poor beam quality . Other resonator
architectures have to be applied, depending on the class of output power.

For laboratory and demonstrator devices of thek\VMOclass, hybrid resonators including -affis
modificaions proved to be an excellent choice. They combine a stable with an unstable resonator. The
composition of two independent resonator directions allows a cylindrical mirror design that is perfectly
adaptable to the rectangular COIL geometry. The unstadotecan be designed as negative branch or
positive branch, depending on the curvatures of the resonator mirrors. Theoretical predictions and
experimental results were found in excellent agreement, preferring the negative branch hybrid resonator
(NBHR). Highest brilliance was achieved in a douplss NBHR configuration. Unfortunately, the
hybrid resonators suffer from two shortcomings: The beam quality in stable direction decreases with
increasing mirror dimensions and an high alignment accuracy in sliadttion is required. However, for

10kW class systems the hybrid resonator is convincing in performance.

For conventional unstable resonators with low gain, the total coupling loss has to be small. In
consequence, the magnification has to be small. @dtris a far field intensity distribution with a lot of
structure and a very small peak power. Still at thekM0evel the magnification is rather small. An-off

axis modification of the classical resonator configuration (Modified Negative Branch énRiedonator,
MNBUR) was introduced and tested at ak\@ class device. It proved to be easily adaptable to COIL
geometry while simultaneously reducing the far field intensity structures. Since the theoretical treatment is
proved to describe actual resarrat coupled to a 1KW system, a specific MNBUR for high brilliance

can be reliably designed for an adequate power in &\&06lass COIL.

The beam quality of stable resonators with Gaussian type intensity distribution is well described by the
beam propag@n ratio M. Misleading results may occur when applying this criterion to unstable
resonator configurations. The beam quality of different resonator architectures will be evaluated by
standards reported in literature.

! E-mail: juergen.handk@dir.de
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Al 02. Evolution and Status of a Multi -Kilowatt Electric lodine Laser Effort

Alan E. Hill*
Texas A&M University and Plasmatronics, Inc., USA

Pl asmatroni cs 6 -basedtlecid oxygeh iodine gdneratoc dcleéeves 30% conversion framoO
0,'D at 4650% electrical pump effiehcy, wherein 2400 watts is imparted into théDOflow stream. A special,|
disassociatiortombined ejector mixing scheme has been developed in our quest to kéélctass extraction from
a 20 cmwide, Mach 2.5, laser channel. Latest results of gairoatulit power measurements will be presented.

The electric oxygen iodine laser (EOIL) offers a vastly more practical, implementable, and safer
alternative to its predecessor, the chemical oxygen iodine laser (COIL), particularly for airborne or
otherwise robile military applications. Despite its promise and after 25 years effort, laboratories around
the world have not succeeded in providing the known basic physical requirements needed to electrically

convert QintoQ,'@ wi th the fractional yields and efficien
the record power generated from an EOIL device is only 6.5 watts.
In order to achieve goodtop f r act i onal yield, it i s-l1l06kdlooesary t o

while efficiently removing the waste heat energy from the generator so that the gas temperature does not
rise above ~42&. The generator must be excited by an electric field on the order of 1Gfardbelow
the glow potential. Therefore, ionizationust be completely externally sustained.

In this paper, a 30% conversion fromi®o O,'qp oper ating at substanti al 0 X )
moles Q/sec at 55 torr) and electrical efficiency reachings8@ is reported. Thefdp f | ow stream b
produced carries 2400 watts. lonization is supplied by means of applying short (tens s#coadd
pulsestothe @p gener ator at 50,000 PPS, at a potenti al
breakdown potential. This develops a gtsisady adjustable DC current to flow through the generator,

being conducted under the force of a DGy 82 Td, independently tunable pumygi&d. Thereby, 130 to

180kJ/mole Q may be imparted to the gas.

The generator consists of 24 each, tiordiameter tubes that are submerged in rapidly circulating cold
fluorinert. Heat is efficiently removed so ththe gas temperature, initially 273°K, raises only by 125°K.

Fortuitously, Q% production is eliminated at hi gher pres
dwarfed in comparisonthe,®p | i ne. At higher pr essyan@UVpomnsat i on,
are produced by controlled avalanche pulses, which react teto®'F i nipo ©hus enabl i

unexpectedly high electrical efficiency of-80%.

Theprimary (G'q@ bear i ng) awvapmbr beasing)flonwdsaearys are tapidly and homogeneously

mixed while } is simultaneously disassociated. This is accoshplil using a supersonic ejegbumped

mixing section combined with an electric discharge'gD +- ©, + I* occurs by means of kinetic

collisions upon mixing. The mixed flow streams are immediately expanded to M = 2.5 within & 20 cm

wide, transverséase cavity, where lasing occurs according to 4* h 3 + . Gai n and
measurements to date will be presented.

! E-mail: alanehill@aol.com
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Al 03. Three Dimensional Simulations of GadRadiation Interactions in
Chemical Oxygenlodine Lasers

Timothy J. Madden

US Air Force Research Latadory, Directed Energy Directorate, 3550 Aberdeen Avenue SE, Kirtland AFB, NM
87117-5776, USA

The interaction between an optical field and the atoms and molecules in a gas laser is examined from the standpoint
of lineshape analysis and fluorescence. Begttovide information regarding fluid dynamic structure and
thermodynamic state that is useful for the development of gas lasers. These physics are examined from the context
of 3-D, time-dependent solutions of the NaviBtokes equations for nemacting ad reacting flow conditions

relevant to chemical oxygendine lasers. Implications for spectroscopic lineshape analysis and experimental
validation of theoretical models are discussed.

Gas lasers, by virtue of the very nature of their operation, haveusanmchanisms of gds light
interaction. The excited atoms or molecules within the active media generate the optical field through
spontaneous and stimulated radiation of photons, and the optical field in turn perturbs the active particles
in the gas throgh absorption and stimulated emission. While it is this interaction that provides the
underlying mechanism for lasing action within lasers, the same interaction between an optical field and
the particles in the gas can be utilized to achieve other effeateemical oxygeiodine lasers, COILs, a
collimated optical field from a continuously tunable diode laser source interrogates the gas mixture at
varying wavelengths that are absorbed 84 providing subDoppler resolution of the’Py,A 1°Ps,
lineshape. The measured lineshape is usually used to provide information regarding the laser gain, the |
atom concentration, and the temperature of the gas. Previous work by Nikolaev et al. [1] used the
measured lineshape to determine the bulk flow velocitutbizing the Doppler broadening property of

the gas motion relative to the laser light. However, it is shown in this work that from a theoretical
standpoint, the lineshape also includes information regarding Doppler broadening not just from the
translaton of the gas in the primary flow direction but also from the movement of the gas within vortices
carried by the flow that have velocity components parallel to the direction of the probe laser light. It is
shown here that the broadening contribution of¢heortices can be appreciable, and if not accounted for
could significantly skew thermodynamic temperature determinations from the lineshape. Given that COIL
performance is temperature dependent, this information is relevant to understanding COILroperatio

The light from a laser source can provide additional information about the gas flow within a laser. In the
case of laser induced fluorescence (LIF), light from a laser source is absorbed by a molecule pumping it to
an excited state that in turn decafsough fluorescence and other processes. The rate of fluorescence
correlates with thermodynamic gradients in the gas, providing information regarding flow structure. It is
shown here that this information can also be used as a mechanism to comparedhewdils with
experiments in a multidimensional framework, providing a detailed mechanism for comparing theory and
experiment.

The examination of these physics is performed using solutions of the unsteAdia@ierStokes
equations using nereacting ad chemically reacting models. The reacting flow simulations utilize a
COIL chemistry mechanism that provides thermodynamic state, relative concentratidhs ahd PPy,

as well as the flow structure to be used to in combination with radiatiorptrarie predict ZIPl,ZA 1°Ps),
transition lineshapes. The nosacting flow simulations provide thermodynamic state, species
concentration, and flow structure information that is utilized within an additional model for theostate
state kinetics of the LIFpumping and fluorescing process, providing a theoretical counterpart to the
experiment LIF imagery.

1] Ni kol aev V. D. , Zagidullin M.V., Svistun M. |
SmallSignal Gain Measurements on a Supersonic Gtandxygen lodine Laser with an Advanced
No z z | e IEBERJodrnal®@f Quantum ElectroniB8(5), 421428 (2002)
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Al 04. High-Power Chemical Lasers (HPCL):Gas dynamics Problems of
Mobile System Operation

A. S. BoreyshoY. M. Malkov ' and A. V.Savin
fiLas ey st elfikrasnoarinayskaya, 1, Retersburg 190005, Rusgiaww.|systems.rj

The main gas dynamics problems of HPCL development are discussed shbelyereation methodology of
Pressure Recovery Syste(RRS) for Supersonic chemical lasers amgys of increasing PRS efficiency are
examined. Problems of Exhaust Supersonic DiffuSapersonic Ejectasperation and question of PRS start process
are investigated in details

Supersonic chemical lasersSCL (supersonic flow in resonator cavity tfiadlows after mixing multi
nozzle bank): HF/DF laser and COiloxygen iodine laser are the subjects of high attention. SCL are the
most powerful continues wave laser systems. Today realization of mobile laser compéx@sn SCL

base is actual questigl].

Operational pressure in SCL resonator cavity is low. So the development of Pressure Recoveryy System
PRS are required for SCL medium exhaust into atmosphere [2]. PRS development is one among the key
problems of SCI=- MLC realization.

PRS main partare: multisectional exhaust supersonic diffu& (with blowing system for start),
supersonic ejectcEd station (the muHtiunnel design of EJ is useéd reduce the PRS length), vapor gas
generator as the source of active gas for ejector (with st@adesupply systeraSSS of fuel and
oxidizer). Massdimensional- M/S parameters of MLC are depended strongly on M/S characteristics of
PRS with SSS. Therefore one can say the success in development of effective MLC is determined by
success in solution &fRS problem.

PRS looks like a higlspeed supersonic wind tunnel. However aerodynamics traditional integral methods
for evaluation of PRS operational parameters donbd
(SD channel of SCL is the rectanguleith big side dimension ratio, aerodynamics wind tunnel channel is

a roundas a rulg heat generation in supersonic flow (it is absent in aerodynamics case), low Re numbers,
active and passive gas in EJ are different from view point of the physicalrfiesyin aerodynamics case

gases are the samair).

The modern methodology of PRS creatammuways of increasing of PRS efficienayeexamined:

1. methods of choice and calculation of PRS parameters;

2. problem of verification of @limensional numerical adels;

3. methods of SD and EJ design taking in account the features of SCL physical pr(readization
of COIL active diffuser concept and methods for mixing intensification of ejecting and ejected
flows in ejector mixing chamber)

4. laser complex channélind tunrel channel is a simple channstart processes and condition of
PRSoperationn general

The dates of PRS, SD, EJ tests that are used for verification of numerical models are shown

[1] Shwarts J., Wilson G.T., Avidor @Tactical High Energy.asen. Proc SPIE5632 January 21 (2002)

[2] Boreisho A.S., Malkov V.M, Savin A.V. et al Pr@ssure recovery systems for hjgtwer HF/DF
|l asers: experience of real i zd44) 596607 (200M er mophysi c

! E-mail: malkov@lsystems.ru
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Al 05. Overview of the US . Air For ce ResWokinddserd abor a
and Optics

Susan Thorntort

Air Force Research Laboratory Directed Energy Directorate
3550 Aberdeen Ave SE, Kirtland Air Force Base, New Meg¢nl7 USA

The Directed Energy Directorate of the Air Force®esr ch Laboratory is the United
excellence for directed energy technology. The Directorate operates on 4,325 acres of land with over 860,000 square
feet of laboratory and office space. In addition to the numerousdftétte-art research laboratories and testing

structures at Kirtland i Force Base in New Mexicaunique facilities include the Starfire Optical Range (SOR) at
Kirtland, a testing site at t hneNewMeSicqg afdrthmid SorceiEi t e San
Optical & Supercomputing Site (AMOS) in Hawalihis presentation addresses the overall efforts of the laboratory

in laser and beam control research. Included will be high energy gas and electric lasers and low energy
semiconductor lasers. Advanced optitesting facilities, and modeling/simulation will also be discussed.

Extensive work has been done in the Directorate to characterize, optimize and demonstrate elements of
high energy gas laserS§cientist and engineers also continue to explore bulkl site lasers, and
specifically the thin disk technologylhe thin disk work has involved collaboration with German
scientists to advance the technology for possible inclusion in a myriad of applichtipossuit of a high

energy electric laser, effercontinue in coherently and spectrally combining fiber laser output beams and
exploring the feasibility of hybrid laserd-or low energy multispectral applications, a team of
semiconductor laser scientists and engineers work to produce lasers capatitérg kght in the near,

mid and far infrared spectrum.

Another aspect of work at the Directed Energy Directorate is beam cdrttekthallenge of getting the

high energy laser on target involves the actual optics and hardware to acquire, track atit gmam.

Work is extensive in adaptive optics schemes to compensate for distortions and to allow for long distance
atmospheric propagation.

To go with both of these fields, extensive phydiased modeling and simulation is conduct€dis
includes pheomenology, components and systeriifis methodology is used for modeling the
atmospheric turbulence in beam control alsaser effects testing is a major component of the systems
modeling efforts.

Approved for Public Release under AFRL/RD230

AR

THE AIR FORCE RESEARCH LABORATORY
LEAD | DISCOVER | DEVELOP | DELIVER

25

L I

Fig. 1.Air Force Research Laboratory logo

! E-mail: susan.thornton@kirtland.af.mil
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AO 01. Analysis of Subsonic COIL Performance with a Magnetic Modulation

Jaroslav Beranek ari¢arel Rohlena®
Institute of Physics, Academy of Sciences of the Czech Republic
Na Slovance 2, 182 21 Prague 8, Czeebublic

1D subsonic COIL model with a mixing length was generalized to include the influence of a variable magnetic field
on the stimulated emission cressction. The results are compared with the measured pulse shape.

The concept of 1D subsonic COIL d&l with a mixing length was generalized to include the influence of

a variable magnetic field on the stimulated emission eseston. Equations describing the chemical
kinetics were solved taking into account together with the gas temperature alsifiedimixing model

of oxygen and iodine molecules. A variable magnetic field transforms the CW regime in a pulsed
operation. The advantage of the numerical procedure is a possibility to consider an arbitrary temporal
dependence of the imposed magneiétdfiand to calculate directly the response of the laser output. The
method was applied to model the experimental data measured with the subsonic version of the COIL
device in the Institute of Physics, Prague, where the applied magnetic field hadatbasependence.
Having achieved a reasonable agreement of our model for the CW regime with the measured dependences
of the laser output, the purpose of this contribution is to confront the magnetically switched regime with
the measured pulse shape.

! E-mail: rohlena@fzu.cz, phone420 2 6605292, fax: +420 2 86890265
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AO 02. Advanced Kinetic Package for COIL

S. Yu. Pichugirf*, V. N. Azyazov and M.C. HeaveR

%P.N. Lebedev Physical Institute of RAS, Samara Branch, f&adovaya str., 221,
Samara 443011, Russia

® Department of Chemistry, Emory University, Atlanta, GA 30322AUS

An advanced kinetic package for COIL is proposed. The standard kinetic package was revised by adding processes
describing the vibrational excitation and relaxation kinetics ahtl Q. A multi-pathway } dissociation mechanism
and new kinetic data akey elements of the advanced kinetic package.

The standardhemical oxygenodine laser (COILkinetic package summarized by Perram [1] has been in

use for over ten years. Kinetic measurements carried out over the past several years have established that
improvement of COIL kinetic package was need. A particularly problematic part of the standard COIL
kinetic package is the Hissociation mechanism. The mechanism by which singlet oxygen dissogiates |

in COIL remains as an important unsolved problem bexati#s complexity. It is well known that the |
dissociation process has initiation and chain stages, and that excited intermediate states of jaati@e (I
involved. Vibrationally excited iodiné,(X,g>20) is an important reaction intermediate in the standard

COIL dissociation model. It was assumed that this was produced in both the initatbrchain
propagation stages of the reaction. Chain propagation was ascribed to

I+ 1(X)- 1+ 1(X, g). 1)
It has been showj2] that the relaxation kinetics fos(X,g>20) are not in agreement with the deactivation
kinetics of the excited intermediate in te@ndardCOIL model[1]. The totalexcitation probabilityfor
[(X, g>23) in reaction {) is g23¢ 0.1, as reported in Ref. [3The standard dissociation model wittis
branching fractioncannot reproduce the observed dissociation rd&aghermore,in the analysis of
recently recorded flow tube data, the numbesinglet oxygermolecules &(a) requied to dissociate one
I, molecule was predicted to Be20 if the standard model is the predominant dissociation pattwtay
-23¢ 0.1 Overall, the dependence of thé dleactivation rate constant on the identity of the collision
partner is more consistent with the quenching of an electronically excited interreftiatee model
proposed recentlythe intermediate during tissociation is the electronically excited statg¢a’) or I,(A).
The L A" and A states are populated in the following react[Gn4:

{2(ag=1) + k(X) - LX) + I2(Aj)

{2a,9=2) + h(X) & [2X) + 1(A)

12(X, 10<g<25) +{ 2(a)- [ 2(X) + Io(A},A).
In the present paper reports the details of the advanced kinetic package and we examine the ability of this
model to predict the dissociation rates observed in recent experimental investigations.

[1] Perram G.P. Int. J. Chem. Kin@fZ, 817 (1995)

[2] Lilenfeld H.V. Final report of McDonnell Douglas Researciboratories AFWLTR-83-1 (1983)
[3] AzyazovV.N., Heaven M.C. an®ichugin S.YuProc. SPIE5874 687404(2008)

[4] Azyazov V.N. and Heaven M.C., AIAA Jourréd, 1593 (2006)
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AO 03.RF Discharge Slab Carlmn Monoxide Laser: Overtone Lasing
(2.57 4.0micron) and Fundamental Band Tuning (5.0F 6.5micron)

Andrey A. lonin*, Andrey Yu. Kozlov, Leonid V. Seleznev and Dmitry V. Sinitsyn
Lebedev Physical Institute of Russian Academy of Sciences, 53 Leningpeptp119991 Moscow, Russia

Overtone lasing within the spectral range ~2450 micron on ~80 spectral lines and fundamental band tuning over

the spectral range ~5i06.5 micron on ~100 spectral lines was for the first time obtained in a slab carborideon

laser. Average output power of the compact repetitively pulsed RF discharge slab overtone CO laser came up to 0.3
W.

Overtone lasing and fundamental band tuning was for the first time obtained in a slab carbon monoxide
laser. The compact slab CO laseth active volume 3x30x250 mwas excited by repetitively pulsed
capacitive RF discharge (81.36 MHz) with pulse repetition ratei 18@0 Hz. The laser electrodes were
cooled down to 120 K. Gas mixture CO:air:He at gas pressure 15 Torr was used titdlesopeme
Afrequency selectiasermampéi foscdl wasompplied for
Single line lasing with average power up to several tens of mW was observed on ~100 rotational
vibrational transitions of CO molecule thin the spectral range ~5i06.5 micron. Multiline overtone

lasing was observed on ~80 spectral lines within the spectral rangel:02micron, maximum single line
average output power being 12 mW. The total output power of the slab overtone CQ@Qraserpcto 0.3

W, laser efficiency being 0.5%. The results of parametric studies of the overtone CO laser including
complicated time behavior for laser pulses on different overtone rotatidmational transitions are
presented.
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AO 04.Influence of Nitrogen Oxides on Singlet Delta Oxygen Production in
Pulsed Electric Discharge for Oxygerodine Laser
Andrey A. lonin®, Yurii M. KlimacheV, Andrey A.Kotkov® Andrey Yu.KozloV?,

Igor V. KochetoV, Anatoly P.Napartovich, Oleg A.Rule\’, Leonid V.Selezng?,
Dmitry V. Sinitsyrf, Nikolay P.Vagin®, and Nikolay N.Yuryshev

#Lebedev Physical Institute of Russian Academy of Sciences, 53 Leninsky prospect, 119991 Moscow, Russia
PTRINITI, 142190 Troitsk, Moscow Region, Russia

Experimental and theoretical gigiof influence of nitrogen oxides NO and N&mixtures in oxygen containing gas
mixture excited by pulsed electrdm@am sustained discharge on input energy and time behavior of singlet delta
oxygen (SDO) luminescence was carried out. Temperature depeadeinthe constant of SDO relaxation by
unexcited molecular oxygen was estimated.

Experimental and theoretical study of influence of nitrogen oxides NO andabtli@ixtures in oxygen
containing gas mixture excited by pulsed electbeam sustained discharga specific input energy and

time behavior of singlet delta oxygen (SDO) luminescence was carried out. NO addition was theoretically
demonstrated to result in a little specific input energy increase, whereaadd@on results in its
decreaseTemperatug dependence of the constant of SDO relaxation by unexcited molecular oxygen was
estimated by experimental dgteocessing. A small amount of nitrogen oxides (~0.2%) was shown by
numerical calculations to result in total removal of atomic oxygen that laestgpng SDO quencher is
produced due to dissociation of molecular oxygen in electric discharge.
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AO 05. Achievement ofPositive Gainin the Amine-BasedAll Gas-Phase
lodine Laser System

Taizo Masudg®, Tomonari NakamufaMasamori EnddandTaro Uchiyama

®Dept of System Design Engineering, Faculty of Science and Engineering, Keio University,
3-14-1 Hiyoshi, Kohokuku, Yokohama, Japan

®Dept. of Physics, School of Science, Tokai University, 1117 Kitakaname, Hiratsuka, Japan

Numerical simulation and flovube experiments are conducted to understand the chemistry of the amine based all
gasphase iodine laser (AGIL). @find that the key reactions to achieve positive gain are the deactivation reaction of
excited | by Cl and the self annihilation reacti@i$NCI(‘D). Theorder of the injection nozzles ésucial to suppress
these reactionsA small signal gain of 0.01 %/cm is achievieg the new nozzle arrangemeiio our knowledge,

this is thefirst time achievement of positivgain of the amindased AGILsystem.

Chemical Oxygetiodine Laser (COIL) is expected for various applications because it has many attractive
characteristics. However, the requirements of liquid fuel place some limits on the COIL device because it
is heavy and unsuitable to long presgion. Consequently, there has been considerable interest in
developing alternate system that uses different energy transfer partners that is produced by all gas phase
chemical reactionnamely, all gaphase iodine laser (AGIL)Although successful lasj has been

reported for F+CIl+HN (azidebased)reaction system, we paid great attention to H+N&minebased)

reaction system because N@ comparativly suitable for long preservation. However, the achievement

of laser oscillation by this system hgtayed in a fundamental possibility.

We developed a humerical simulation codediminebased AGIL systemfor revealing the conditions that
the laser oscillation can be achieved.cbofirmvalidity of the code, the calculated results were compared
with experimental result®btainedin other laboratories. The excellent agreement of calculatiotis
those experimental resumcouragedis to develop our own apparatifge found that the key reactions
to achieve positive gain were the deactivation reaaifoexcited iodine atoms by chlorine atoms and the
self annihilation reactionsf NCI(*D). The order of the injection nozzlesas crucial to suppress these
reactions.In the new mixing nozzle configuration NCIs injection nozzlewas located at uppermost
position andHI and H/H injecion nozzleswere located at the same poidbwnstream.This rew
arrangement wagvestigated and implemented to experimentally optimize flow condik@nl shows
the results of small signal gain measurement at

0.003 mmol/s of HI molar flow rate and 0.62

mmol/s of B molar flow rate As the microwave

source workd only half cycle of the alternate

current, we had two distinctidifferent traces.

When the microwave was off, we observed

absorption (dip) at the iodine transition. When

microwave was on, we observed a hump at the

same position, amall signal gain of @1 %/cm

To our knowledge,this is the first time

achievement of positivemall signal gain of the

aminebased AGIL system.

Fig. 1: Results of small signal gain measurement.
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