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The possibility of realizing an efficient gaseous laser-beam-generating medium that utitgps coher-
ently phasedi.e., “dressed) atoms for the active laser species, but that does not inherently require the use of
external laser beams for pumping, is explored. Specifically, it is investigated if multiphoton stimulated hyper-
Raman scatteringSHRS processes driven by fluorescence radiation generated in a continuous electrical
discharge present within the vapor-containing cell could produce continuous{eayeptical gain at the
A-atom resonance frequencieg and w/. It is deduced that such gain could result fremphoton (n=4)
SHRS processesnly if absorption of fluorescence pump light occurs in the first three transitions of the
n-photon sequence representing the process unit step. Estimates of the amount of optical gain that could be
produced in such a system indicate that it should be sufficient to allow multiwatt cw laser operation to occur
on one set ofA transitions connecting levels in a “doublé-structure, with the pump light being discharge-
produced fluorescence centered about the transitions of the/otbair. However, to initiate operation of such
a device would require injection into the laser optical cavity of intense “starter” laser pulses at both lasing
frequencies. What should be an optimal experimental configuration for determining feasibility of the proposed
laser device is described. In the suggested configuration, Cs-a&8pm66,,, transitions form the doubld-
structure.
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[. INTRODUCTION +w, that is exactly resonant and that becomes efficiently
generated. Were the atoms not coherently phased, the gener-
Over the past fifteen years or so, many theoretical anéted light atw, would be very strongly attenuated. Here,
experimental studies have shown that radically new pathhowever, with the effects of quantum interference and atomic
ways for efficiently generating laser radiation can be acCoherence playing important roles, a remarkable redistribu-
cessed if use is made of coherently phaéesl, “dressedy ~ tion of intensities and phases of the pulseswgtand wy
atoms and molecules for the active laser speflésAn il- automatically occurs, resullt_lng in the additional establish-
lustration of this statement is provided by a recently pub-Ment of EIT on both transitions. All four laser pulses then
lished experimental studi2]. In Ref.[2], copropagation in Propagate stably together as “matched pulses” in a com-
208ph vapor of three laser pulsésith Rabi frequencies),, ~ Pletely loss-free manner, with the asymptotically attained
Q,, and(),), each resonant with a separate allowed transitio abi frequenmesQ? and ), safisfying the condition
P e . : : e : 1Q,=Q¢/ Q. Having all four laser beams exactly reso-
n a dogbIeA configuration, rgsulted in efficient parametnc naient, of course, allows access to nonlinear mixing suscepti-
generation of a co-propagating fourth laser pule W'.th. bilities that are orders of magnitude greater than are available
the frequencywy, of the latter being that of the remaining i, conyentional four-wave mixing experiments. In RE),
transition in the doublet level structure. This generation his enabled significar,— )}, photon conversion to occur
scheme embodies several recently discovered physical prigyer very short interaction lengths, and contributed impor-
ciples that are not active in conventional four-wave mixingtantly to the high efficiency observed for this process. Addi-
experiments. To begin with, here the synchronously appliegionally, when this new approach to laser beam generation is
“strong” laser pulse€), and(},, acting on a pair of transi-  followed, it no longer becomes necessary to seek ways to
tions that share a common upper level, coherently phase thshase match the beams, since the latter occurs automatically
atoms of the vapor, driving each atom into a superpositiorwhen all the beams are resonant.
dark state which becomes nonabsorbing at the frequetigies  In the scheme employed in Rg2], and (to our knowl-
andwj, of the two applied pulses, thereby allowing the latteredge in all other published schemes that have focused upon
to propagate orders of magnitude further into the vapor tharthe use of coherently phased atoms or molecules for laser
if the atoms were not coherently phased. This establishmerfeam generation, one or more externally applied laser beams
of electromagnetically induced transparert&fT) also cre- are required both to coherently phase the active species, and
ates an atomic coherenpe, having an absolute value close to supply photons that can be converted to those of an output
to % the maximum value theoretically possible. This largebeam generated at another frequency. This statement, of
atomic coherence, in turn, acts as a local oscillator that canourse, does not hold for the vast majority of standard laser
beat with other copropagating laser pulses, such as the apses, i.e., those requiring that population inversions be
plied pulse atw,, producing sum and difference frequencies.present on lasing transitioriBut not requiring that the active
In this case, it is light at the sum frequenay,=(w,~ o) species be coherently phage@ne can therefore reasonably
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inquire whether it might also be possible to realize a laser The axially propagating cw beantsand()" are assumed
that is based upon coherently phased atoms or molecules, biat be intense enough so that virtuayl of the Cs atoms
that is pumped in some manner with incoherent energy, swithin the cell that lie in the common path of the two beams
that application of external laser beams is not intrinsically(i.e., in the “core” regiohare coherently phased. This auto-
required to power the system. In the present paper the aumatically implies that complete transparency would exist
thors attempt to partially answer this question by exploringthroughout the core at exactly, and v, this being the well
in a general way whether there exist photonic mechanismknown condition of electromagnetically induced transpar-
which could directly convert “unphased” atomic fluores- ency (EIT). With all linear absorption losses removed:gt
cence light produced in a low-pressure continuous gaseowsd v, it would therefore seem only necessary that there
electrical discharge into “phased” laser light, this conversiorexist some independent photonic means for providing gain at
occurring on coherently-phased atoms present in the dighese frequencies in order for lasing to occur. The analysis
charge. given in the present paper leads to the rather surprising con-
The method here adopted for determining whether or notlusion that in the case of the adopted model aoe type
such a discharge-pumped, coherently-phased-atom lasef photonic mechanism could provide gaingtand v;. This
could ever be realized is based upon analysis of a specifitirns out to be a very high ordére., four or more photons
model that should optimally represent such a system. Thearticipating in the unit stepof the nonlinear multiphoton
model here utilized can be roughly described as follows. Theprocess known as stimulated hyper-Raman scattering
source of pumping energy is envisioned to be a con{SHRS. In then-photon SHRS mechanism, incoherent fluo-
tinuous electrical discharge occurring in a low-pressuraescence light produced by the discharge at@hdines is
(~0.1-1 Tory atomic vapor contained within an optical cell directly converted by the coherently phased Cs atoms into
of length, say, between 1 and 2 meters. The electrical disaser light at the frequencies, and v, (which are also
charge is assumed to run the length of the cell, occupyin@,-line frequencies Despite the high orders of those
most of its volume and producing throughout this volumen-photon SHRS processes that theoretically can result in
intense atomic line fluorescence. At present, alkali metal vapositive cw optical gain being produced in the model, the
pors appear to be the best candidates for the laser idea h&sgtimated total gain does appear to be sufficient to enable cw
being explored. For these, the discharge-produced atomigging to occur. This is largely because every optical transi-
Ime_fluorescence would be mostly concentrat_ed '”D@‘?‘”d ._tion involved in the unit step of such a process is exactly or
D, lines. In th_e model here emplpyed the optlt_:al cell |ts_elf 'Snearly resonant.
mcorp_orated into an aligned optical laser cavity, th_e mirrors 2~ use of physical uncertainties clouding most of the
of which are assumed to be almost totally reflective at thjﬁé

frequencies of the beams that the laser would be expected echanisms involved in the mOd?'* our approach t'hro.ughout
e present paper must necessarily rely upon qualitative rea-

enerate. Output coupling losses are assumed to be on the™ . . o
9 b bing soning and use of very general physical principles. We sug-

order of one percent. Utilization of a ring cavity configura- h h oo ble th . .
tion is conceptually easiest to visualize. One next postulate8€St that perhaps it is not unreasonable that cautious opti-

in the model that two, fairly intense, continuous-waea), ~ Mism prevail in the minds of any laser scientists—
highly monochromatic, laser bean§s and Q' are axially — €xperimentalists or theoreticians—who might be tempted to
copropagating through the cell in a low-order transverse opeXplore in real depth some of the concepts and ideas pre-
tical cavity mode, these beams representing the coherent |aented here. If the proposed laser idea itself proves to be
ser light that is generated by the systdin.the usual man- unfeasible, at least some interesting physics might be re-
ner,Q and()’ are here the angular Rabi frequencies of thevealed. We strongly would like to encourage any such explo-
beams, withw,=27r, and /=27, being the actual angu- rations. The authors themselves are currently contemplating
lar laser frequenciesThe transverse dimension of each of initiating an experimental effort to see if the basic laser
these beams within the optical cell is assumed to be considscheme here proposed can actually be demonstrated in the
erably smaller than that of the lattésr of the actual diam- laboratory.

eter of the discharge regifrthus defining in effect a “core” The present paper is organized as follows. It was noted
region. Each laser beam has a frequency that is exactly resebove that in the model here being employed one starts by
nant with one member of a pair of atomic resonance-lineassuming thatll the Cs atoms in the core are coherently
transitions that share a common upper level—i.e., the participhased(i.e., “dressed. Section Il is entirely devoted to a
pating transitions form a-type structure. For a very impor- consideration of the various ways by which dresset/pe

tant reason that will become apparent, there should also ketoms can further be optically excited, the aim here being to
another nearby upper level that is radiatively coupled to botlsee if optical gain can thereby be produced at the bare-atom
lower A levels, i.e., the four levels should form a double- transition frequencies, and v,. Since one is here only in-
structure. Although several atomic candidates can be considerested in optical excitation of dressed atoms, it makes sense
ered for the active species in such a system, the u$&€®$ to analyze gain-producing mechanisms with the use of en-
atoms appears to be especially advantageous and, for tleegy level diagrams that are appropriate for dressed atoms.
sake of definiteness, will be assumed in the model. The opAccordingly, the authors have chosen to utilize throughout
tically allowed transitions which connect the four lowest- Sec. Il aA-type dressed-atom energy level diagram that is
lying hyperfine levels in Csi.e., the levels participating in entirely similar to those that first appeared and were ex-
the D, lines form such a doublet structure. A significant plained in Ref.[3], an illuminating paper in which it was
fraction of the total discharge-produced fluorescence intenshown how such diagrams can be simply utilized to gain
sity would be emitted on these transitions. insight into both coherent and incoherent optical processes
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occurring in driven three-level systems. For the benefit of thdluorescence occurring at the othertransition pair.
reader, we summarize some of the main points of R3fin In Sec. Il E estimates are made of the optical gains one
Sec. Il A, emphasizing in particular how simple one-photoncould expect to be produced by such high order processes
transitions(i.e., absorption and fluorescenazcurring with  with use of the above pumping scheme. Under the assump-
dressed atoms are represented in such diagrams. From suabn that standard formulae for SHRS gain in randomly-
diagrams it immediately becomes apparent why the lasgphased atomic media can also legitimately be utilized to es-
scheme here being explored could only work with an activeimate optical gain in the dressed-atom case, it is shown that
species possessing\astructure—i.e., that use of cascade- orthe calculated unsaturated single-pass gain at ptnd v,
V-type dressed-atom systems in this application can at oncghould easily be enough to balance th&% net output cou-
be ruled out. pling loss assumed in the model. However, much more re-
How multiphotontransitions occurring between dressed- strictive is another requirement that directly follows from the
atom energy levels should be represented is the first topipumping scheme assumed in the model. On the basis of this
discussed in Sec. Il B. It is proposed that accepted ways afcheme, it is deduced that the total discharge-produced fluo-
representing one-photon transitions occurring in dressed atescence light intensity at the two pump frequencies that
oms can be simply modified to apply to the multiphotonwould normally be radiated from a column having an area of
case. Although rigorous justification for their use is not pro-1 cn? and a length equal to that of the vapor cell, would
vided, the proposed ways of representimghoton transi- have to be large enough to sustain an output from the device
tions in dressed-atom diagrams appear to be natural extepensisting of two cw laser beams, each with a total power of
sions of the accepted way single photon transitions are-18.2 W. (This 18.2 W figure assumes a 1% output cou-
represented in such diagrams. Whether or not the former cgpling. What is rigorously imposed by the model is a value of
be justified, they nonetheless form the bases for the mai&822.5 W/cm for the intracavity-circulating laser power in
arguments of the present paper. Thphoton representation each of the beam8 and()'.) _
is first app“ed to stimulated Raman Scatteriws pro- |n. Sec. Il F, the hlghly relevant questlon of whether or not
cesses occurring with dressed atoms. One here notes that talltiphoton SHRS processes can be driven by purely sto-
unit step of the SRS process could be represented by any ofBastic light is briefly considered. Results of a theoretical
of four distinct two-photon transition sequences, each ofiNd experimental study reported in 1974 are quoted which

: : ; ; “show that, at least in the case of broadband SRS,
\éVScI;(;Z would result in one laser cavity photon being pro 2-photon SHR§E pumping with stochastic light can be as

In Sec. Il B it is next shown that photonic excitation of a effective as pumping with laser light, provided that a number

A atom situated in an otherwise quiescent coherently- hasegI conditions are satisfied, including having the pump and
. ) at y-p okes waves copropagate in the gain medium with the same
gas must invariably be accompanied d&gubsequent loss of

I it oh ) . f1h ¢ : group velocities. Since roughly similar conditions would au-
two laser cavity photondrrespective of the type of excita- ,matically prevail in the dressed-atom model here being

tion mechanism involved. From this important conclusion, itcgnsidered, some justification perhaps exists for generally
directly follows that only very high order excitation pro- H:)ostulating(as is done in Sec. IRhat stochastic light could
cesses can provide gain in the proposed cw laser scheme. Fggq pump the higher order SHRS processes considered in
example, from the same conclusion it follows that—againithe present paper.

on a cw basis—occurrence of every SRS excitation event |n Sec. Ill experimental aspects of the proposed laser de-
would ultimately result in anet lossof one laser cavity pho- vice are discussed. A generic type of vessel that enables a
ton, on the average. Thus pumping via SRS would not be #ong column of hot reactive gas such as Cs vapor to be stably
viable means for producing cw optical gain on thdransi-  contained while the gas is being excited via an electrical
tions. discharge is briefly discussed in Sec. Il A.

In Sec. Il C it is explained that one potentially gains ac- In Sec. lll B, possible experimental configurations with
cess to an effective pumping scheme for the dressed atoms Which realization of the device can be attempted are dis-
the proposed laser medium if the bare-atom level diagram fogussed. To be considered satisfactory, any such configuration
the active atomic species possesses a datbfructure. Mmust include means for injecting intense, externally or inter-
This is postulated to occur in the model. Cs atoms possediflly generated, “starter” laser pulses at beghand v into
such a structure. the optical cavity of the dressed-atom laser device. The re-

Nonlinear excitation of dressed atoms vianparametric quired intracavity-injected energy of the starter pulses would

(i.e., Raman-typeprocesses is explored in Sec. Il D. Here, it °€ the energy needed to coherently phase all of the atoms

quickly becomes evident that only the class of muIti-photon\tN'itsh'gthoeuﬁ?rgf' Ienng;e S?;eﬂgf&glll'teigiﬂg d"fﬁ(‘g‘”? xltgrilt?;n
processes known as stimulated hyper-Raman scatterir]gSS N 9y y prep

(SHRS could possibly provide adequate pumping mecha- . . . . .
nisms for the Cs atoms in the dressed-atom laser model. It is Section IV briefly summarizes the predicted main charac-

shown that cw gain could conceivably only result from antenstlcs of the laser device proposed in the present paper.

n-photon SHRS process with being =4 and with pump || NONLINEAR PUMPING OF A-TYPE DRESSED-ATOM

light being absorbed in each of the first three photonic tran- VAPORS

sitions making up the unit step of the process. In these pro- _

cesses it is presumed that lasing occurs at frequengiasd A. Dressed-atom energy level diagram forA atoms

v, corresponding to one\ transition pair of a doublé: Figure 1 represents the dressed-atom energy level diagram

structure, with the pump light being discharge-producedor a gas of coherently phasetd atoms. Diagrams of this
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tan posed in frequency about the corresponding bare atom fre-
quency, with both doublet splittings being equal to the
“generalized Rabi frequency(),=(Q*+Q'?)Y2 As the in-
tensities of the beam& and ()’ are increased, the doublet
splittings increase, but the peak absorption strengths and
linewidths of all four doublet components remain largely un-
changed, provided that the Rabi frequency rddo()’ re-
mains the same. Simple analysis contained in Rafshows
that the relative strength ratio of the two absorption doublets
is inversely proportional to the square of the ratio of associ-
ated Rabi frequencies. All the above properties of coherently
phased three-level systems have been well understood for
many years, but the rigorous quantum mechanical analyses
[4,5] needed to account for these properties at all power lev-
els of the laser beams that dress the atoms can be quite com-
plex and difficult to follow. Dressed-atom diagrams such as
FIG. 1. Diagram showing all spontaneous emission decaygig' 1 thus'offer a |UCid,’ direct way of gaining insight into
which are allowed from the three perturbed states,gf to lower the pr_oper_tles of any drlver_1 thfee"eYe' system. However, as
multiplicities in A-type dressed atoms. Spontaneous emission rate€XPlained in Ref{3], such diagrams rigorously apply only in
on individual transitions are showtana=Q'/Q). The quantitiesy ~ the “secular limit,” i.e., when the generalized Rabi frequency
and y are the radiative decay rates for the two bare-atom{lg iS much greater than the radiative decay rate of either

transitions. allowed three-level-atom transition. It will become apparent
that, in the operating regime envisioned for the laser device
type first appeared and were explained in R&f, an illumi-  here being considered, this condition is well satisfied.

nating paper in which it was shown how such diagrams can An immediate conclusion that can be drawn from dia-
be simply utilized to gain insight into both coherent anddrams such as Fig. 1 is that a cw laser based upon three-level
incoherent optical processes occurring in driven three-leveliressed atoms possessing either a cascade-type or V-type en-
systems. Although in Ref:3] only the cascade-type three- €rgy level structure would be, practically speaking, unrealiz-
level atomic system is analyzed, extension toshsystem is ~ able. Unlike coherently phasetl atoms, coherently phased
trivially simple. To fully comprehend the justification for us- cascade- or V-type atoms strongly fluoresce. Thus, merely to
ing diagrams similar to the one shown in Fig. 1 when anasSupport a 1-m-long, 1-cfrarea column of dressed atoms of
lyzing dressed-atom photonic events, one must consult Refhe latter types would require a continuous application of
[3]. Here we will largely focus on indicating the ways vari- Power in excess of 2 MWIn this estimate, a dressed-atom
ous transitions occurring in coherently phaseditoms are  density of 16°cm™, a bare-atom transition wavelength of
represented in such diagrams. 10000 A, and a bare-atom transition decay time of 10 nsec
The perturbed energy levels of a dresgedtom form an ~ are assumeyl.By contrast, to support a similar column of
infinite ladder of multiplicitiese,, ,,, each multiplicity con- ~ dressed\ atoms would ideally require no power, since such
taining three nondegenerate levils |2), and|3). Only tran- ~ atoms do not fluoresce, unless they are additionally excited.
sitions occurring between adjacent multiplicities are allowed.
These are shown as wiggly arrows in Fig. 1. The relative
transition probabilities are also indicated in this figure. One
can interpret the numbergn’ associated with each level as
the number of photons in two laser cavity modes assumed to Thus far, it has been noted that a gaseous column of
be coupled to the\ gas. The resonant frequencies of thesedressedA atoms is a remarkably quiescent system, ideally
two modes arav, and w),, i.e., the same as the bare-atom not requiring that any power be extracted from the two spa-
frequencies. tially overlapping resonant cw beams that propagate through
From the allowed transition scheme in Fig. 1, it is appar-the medium, while simultaneously keeping all the atoms in
ent why under steady-state conditions all atoms in a cohethe paths of the beams coherently phased. However, consider
ently phased\ gas must occupf) levels, irrespective of the Nnow what would happen if one were to appigiditional light
ratio of Rabi frequencie® and()’. Establishment of EIT in to the dressed atom system. Specifically, let us suppose that
a steady-state\ system is represented in this figure by thethe gaseous column of dressed atoms is irradiated along its
indication that an upward transition at eitheg or w;, origi- ~ axis by intensdincoherent or coherenlight at w,+({4/2).
nating from any|2) level is forbidden. One also sees from The dressed atoms will strongly absorb this light via one of
this figure that coherently phased atoms cannot the above mentioned absorption doublet components. Con-
fluoresce—the2) levels are indeed “dark state” levels, as is sider what would happen to a dressed atom in, say, the level
well known. The figure also shows that the dressed-atoni2,n—1,n’). Absorption of a photon ab,+(£),/2) will first
absorption spectrum consists of a doublet about each of thmove this atom to levell,n,n’), as represented by one of
bare-atom resonance frequencigsand w;. The two com- the upward-pointing arrows in Fig. 2. One next notes that
ponents of each absorption doublet are symmetrically disthere are four allowed optical transitiorfsvo up and two

B. Representation of multiphoton transitions in dressed-atom
level diagrams
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|1,n+1,n%) atom level|1,n+1,n"), and the number of photons in the
|2 1,0’ laser cavity mode atb, associated with this level exceeds by

B two the corresponding number associated &m-1,n"),
|3,n+1,n") the dressed-atom level from which the process originated.

Hence, one deduces that a net production of one laser cavity
photon atw, would again result from the alternative com-
bined process. The same statement holds for the other two
combined processes shown in Fig. 2. For laser photong at

to be created via SRS, pump light would have to be applied
at wyx(Qy/2).

In subsequent sections it will be investigated if high order
n-photon SHRS transitions occurring in dressed atoms can
increase the number of laser cavity photons. It will then be
assumed that one should follow essentially the same laser

[1,n,n"-1) photon counting procedure just described—i.e., one should
|2,n,n’-1) combine the number of laser photons that are apparently
gained(or lost in a given sequence of upward and down-
ward pointing arrows representing a multiphoton transition
|1,n-1,n") with the number one infers to have been gairied los)
|2 n-1,n°) when thgn,n’ quantum numbers fi_ssouate(_j with the level
e upon which the multiphoton transition terminates are com-
|3,n-1,n") ———— pared with those associated with the level from which the
multiphoton transition originates.

FIG. 2. Representations in a dressed-atom level diagram of all From the preceding, one might gather that SRS should be
four possible SRS two-photon transition sequences pumped by lighi viable gain-producing mechanism for the cw dressed-atom
applied at the dressed-atom absorption band frequemgy |aser in the model, since occurrence of an SRS excitation
+(Q4/2). Sequences are shown originating from the particular levekyent was shown to produce one laser photon. However, a
2,n=1,n"). In each of the four sequences shown, a single laseyery important loss mechanism has thus far been overlooked.
photon atw, is produced. To producellaser phptons»@tvla SRS, From Fig. 1, one sees that a Cs atom excited t@ ar |3>
one would need to apply pumping light at either of the dressedgpg terminal level will decay by spontaneous emission via
atom absorption band frequenciegs ((q/2). the transitions indicated in the figure. Consider the various
down) connecting level1,n,n’) with levels of adjacent mul- decay sequences that would be possible for an atom excited
tiplicities, with each of the four transitions having the poten-by SRS if the terminal level were, say, the le{&)n,n’). For
tial to be resonantly driven by one of the cw laser beamsSimplicity, assume that ta®=1 and thaty=y'. (No loss of
Assume for the moment that the laser-driven transition whictgenerality is involved in making these assumptipii$ie ex-
takes the excited atom frofd,n,n’) to [1,n,n’—1) occurs. cited atom then could decafwith total probability %) to
One then sees from the figure that the overall effect of comeither level|2,n-1,n") or |2,n,n’ = 1). Only one laser cavity
bining absorption of a pump photon af,+({y/2) with mode photon would be lost in this way, since subsequent
stimulated emission of a photon of laser light«tleads to ~ decays would be forbidden. However, the originally excited
the production of one laser cavity photonaat In this case, atom in|1,n,n’) could also decay via awo-stepprocess—
generation of a single laser cavity photonugis represented  first to a|1) or |3) level, then to g2) level. The total prob-
by the downward-pointing arrow as, appearing in the fig-  ability for this to occur would bé. Likewise, the originally
ure. However, the numbers of laser cavity photoneaand  excited atom could spontaneously decay in a three-step pro-
w,, associated with the terminal levdl,n,n’ - 1) of the com-  cess with a total probability of 1/8, or in a four-step process
bined two-photon transition are, respectively, greater by Mith total probability of 1/16, etc. One can easily see that the
and less by 1 than the corresponding numbers associat@giost probable number ddiser photons that would be lost by
with the level|2,n-1,n’) from which the transition origi- an atom in thg1,n,n’) level undergoing spontaneous emis-
nated. Therefore, the single laser photon produced via thision decay would bevo. The photons spontaneously emitted
combined two-photon sequence must have the frequepcy in the decay sequences would be radiated in all directions.
One could equally well have selected the second step in therom Fig. 1, one sees that their frequencies would be distrib-
combined process to be, say, the laser-driven transition thated among five closely spaced bands centered abhpand
takes an atom fronf,n,n’) to |1,n+1,n’). One can see by five closely spaced bands centered aholitThe same result
the same argument just presented that, via this alternativwould hold for a dressed atom excitedaoy |1) or |3) level
combined process, a single laser cavity photomgatvould  via any type of photonic process, whether it be linear or
still be produced. In this process, the second transition in thaonlinear.
two-photon sequence is represented by the upward-pointing Considering that one photon was added to a laser cavity
arrow atw, shown in the figure, with this arrow now repre- mode via the SRS excitation event itself, one therefore con-
sentinglossof a laser cavity photon at that frequency. How- cludes that thaeteffect(i.e., on a cw bas)of such an event
ever, the process being considered terminates on dressed-a loss of one laser photorThus, pumping via the two-

| 1,n,n"+1)
| 2,n,n"+1)
|3,n,n"+1)
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1 [1.n+1,n%)
6P1/2 A ‘} 1 F=d |2,n+1,n’)
F'=3 [3,n+1,n7)
1172 MHz )
V,+1172 MHz |2,7+1,n"-1)
v, |3.,n+1,n°-1)
894 nm [0y —F————
Vo |2.n.n%)
|3.,n,n7)
| F=4 V#1172 MHz
6S,, v
v _ | 1,n-1,n’)
F=3 |2,n-1,n%
9192.6 MHz |3,n-1,n%)
FIG. 3. Lowest energy doubla-structure in Cs. In this figure, FIG. 4. Two resonantly-enhanced 3-photon SHRS unit step se-
lasing is depicted as occurring on the lowerpair of transitions.  quences are shown, both of which result in the production of two

laser photons at,. In this figure, a value of the generalized Rabi

photon excitation process of SRS cannot by itself result irfrequency(l, is assumed which allows the pump light component at
cw optical gain being produced on tHe transitions in the v,+1172 MHz to be two-photon resonant with the transitions
model. It thus becomes necessary to consider higher-ord&hown.

multiphoton pumping processes, if one expects to find

mechanisms which can provide optical gain for a gas of D. Photonic excitation of dressedA atoms vian-photon
A-type dressed atoms. This will be discussed in detail in Sec. stimulated hyper-Raman scattering (SHRS)

IID. In view of the analysis given in Sec. Il B it is evident that
one must consider pumping the-type dressed-atom vapor
of the proposed laser device via a nonlinear photonic mecha-
nism of order higher than 2, the value that characterized

Figure 3 shows the lowest-lying energy levels for the CsSRS. In the present section the authors outline the only type
atom. It is seen that the levels form a doublesystem. All  of nonlinear photonic process they believe could possibly
four optical transitions connecting the two hyperfine levelsresult in cw optical gain being produced when dressed Cs
of the &P, state with those of the §,, state are dipole atoms in the model are excited by such a process. This is
allowed. n-photon stimulated hyper-Raman scatteriSgiRS, a non-

In attempting to identify in Sec. Il D nonlinear laser parametric process involving dressed atoms being driven
pumping mechanisms that could be effective in the modelfrom initially occupied|2) levels to unoccupied terminél)
we will initially assume the two lasing transitions to be thoseor |3) levels. (SRS is equivalent to 2-photon SHRS$Aulti-
shown in the diagram of Fig. 3, i.e., the two transitions mak-photon processes which in the unit step return the atom to the
ing up the lowerA structure. It will then be investigated initial state are termegarametric processes, but such pro-
whether there is enough discharge-produced fluorescence inesses cannot be driven by incoherent pump light and will be
tensity at the two nonlasing transitions of Fig. 3, i.e., thoseignored in the present paper.
making up the uppel structure, to induce lasing in the In Fig. 4, two transition sequences, both representing a
model. specific 3-photon SHRS scheme for exciting Cs dressed at-

In principle, the situation could be just the reverse fromoms in the proposed device, are shown. In this scheme, it is
the one shown in Fig. 3, i.e., the two uppértransitions assumed that the frequencies of the two cw laser beams that
could be the lasing transitions, while pump light would bedress the atoms occur on the Cs-atom transitions mawked
provided at the two lower\ transitions. There is also the andy, in Fig. 3, and that incoherent pump light is provided
remote possibility that these two alternative pumping-lasindy discharge-produced fluorescence occurring on the upper
schemes could functiosimultaneouslywith lasing occur- A pair of 6P, 6S,,, transitions. In Fig. 4, it is also as-
ring at all four doubleA frequencies, and with the pump sumed that the cw laser beams irradiating the atoms have a
light being the discharge-produced fluorescence generated generalized Rabi frequency such that the pump light compo-
the same four transitions. However, since there appear to beent aty,+1172 MHz is two-photon resonant with the tran-
some serious conceptual difficulties associated with this lagitions shown. (The pump light component aty]
mentioned regime, and since at present there does not seexi172 MHz will then automatically be capable of resonantly
to be any critical need that it prevail in the model, it will, for driving the two-photon pumping transition that would excite
the sake of simplicity, be ignored throughout the remaindean atom from, say, level2,n-1,n’) to level |1,n-1,n’
of the present paper. +2). Additionally, resonantly enhanced two-photon pumping

C. Source of incoherent light for pumping the dressed Cs
atoms in the model
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considered a potential laser pumping mechanism for the
model. One can conceptually construct SHRS excitation pro-

[3.n+2,n7) [ ms2n1) cesses that would also provide a net gain of one photon by
vat172mHz/ [y, |2.42,071) increasing the number of downward-pomtlng arrows in Fig.
, 5. However, these processes would be of higher order than
[1,n+1,n") |3,n+2,n"-1)

| 2,n+1,n%
|3,n+1,n")

V#1172 MHz

[1,mn%
|2,n,n%
|3,n,n7)

the 4-photon SHRS process of Fig. 5. Consequently, one
would normally expect them to have much lower transition
probabilities. In Sec. Il E it will be seen that this is not nec-
essarily the case.

In Fig. 5, it has been assumed that the pumping part of the
unit step of the multi-photon process constitutes a resonant
three-photon transition in which three discharge-produced
fluorescence photons at,+1172 MHz are absorbed. By

V#1172 MHz postulating pumping to occur via a resonant three-photon
[1,n-1,n% transition, rather than via a resonant two-photon transition,
|2,0-1,n7 one thus avoids the possibility that the wasteful process of
[3,n-1,n7) Fig. 4 could occur. However, by assuming the three-photon-

resonant condition, one constrains the generalized Rabi fre-
FIG. 5. Two resonantly-enhanced 4-photon SHRS unit step sequency in the model to b@g/z:zﬂ-x 3X 1172 MHz, i.e.,
quences are shown, both of which result in the production of thre@gx4_4>< 100 secl, Assuming equal Rabi frequencié
laser photons at,. A value of the generalized Rabi frequery is =), one hasQ~3.1x 10 sec!. The Cs By 6Py
assumed which allows the pump light component &  (angition dipole momentin Sl units, which will be used
+1172 MHz to be three-photon resonant with the transitions Shownthroughout Sec. Il Eis taken to beu,=2.8x 1029 Cm, the

would occur via processes in which single photons at each dfalue given in[6]. Since u,E=%(), whereE is the peak
the pump frequencies,+1172 MHz andy/+1172 MHz are am_plltude of theQ) laser field, one haEzll?_ 159 V m‘l. _
simultaneously absorbed. This corresponds to a cycle-averaged, intracavity cir-
One notes that, in the unit steps of both three-photon proculating Q laser beam power|g~18.2X 10° W m™?
cesses shown in Fig. 4, a dressed Cs atom is excited from 44822.5 W cm?), sincels=(1/2)e.C|E[]°. The )’ laser beam
occupied|2) level to an unoccupiefll) level, andtwo laser ~ would have equal intensity. It is thus seen that, for a Cs
photons at, are producedOnly when the SHRS excitation dressed-atom laser to work with the scheme shown in Fig. 5,
process involves absorption of pump light at, the laser would necessarily have to operate at an uncomfort-
+1172 MHz, will laser photons at, be produced.How-  ably high cw power level. Assuming the total power coupled
ever, from the main result of Sec. Il B, one again must heré@ut from the laser cavity to be one percent of the intracavity
infer that a simultaneous 3-photon SHRS excitation evenpower, one would thus be required to utilize a discharge tube
taking an atom from level2,n-1,n’) to either level long enough and powerful enough so that the total fluores-
|1,n,n’) or level |1,n+1,n"=1) would inevitably be fol- cence power radiated over the length of the discharge in the
lowed by a delayed loss of two laser photons. Thus, on a cwwo hyperfine lines ai,+1172 MHz and aw,+1172 MHz
basis, the three-photon SHRS dressed-atom excitation prgould support generation of twe 18.2 W/cnf laser beams.
cess shown in Fig. 4—whenever it occurs—would provide
neither optical gain nor optical loss for either of the two cw
laser beams that propagate through the gas and dress the Cs
atoms. In the end, what effectively happens each time the
multiphoton event of Fig. 4 occurs is that two fluorescence As noted above, each of the two sequences shown in Fig.
pump photons aw,+1172 MHz are(wastefully converted 5 represents the unit step of a theoretically possible four-
into two incoherent light photons, the latter being radiated inphoton SHRS process by which three discharge-produced
all directions at frequencies corresponding to two of the terfluorescence photons ag+1172 MHz can be converted into
discrete bands mentioned in Sec. Il A. three photons of laser light at, in a Cs dressed-atom vapor.
Upon a little reflection, one realizes thaptical gain in ~ Equally resonant such processes resulting from discharge-
the model could only result from processes in which three oproduced fluorescence photons:gt-1172 MHz being ab-
more pump photons are initially absorbed in the sequence g$orbed in any or all of the three pumping steps would also
transitions representing the unit step of the procésach of  obviously provide optical gain at the two laser frequencies,
the two equally resonant sequences diagrammed in Fig. 8nd these contributions to the latter must eventually be in-
constitutes an example of the lowest order SHRS procesguded. However, we begin the present section by estimating
that could create three laser photonsvatin the unit step. the optical gain that in principle should be attainable with
Since subsequent loss of two laser photons would again ireither one of the two SHRS sequences shown in Fig. 5.
variably occur each time a dressed atom is excited via either Using standard methods of nonlinear optics, one can
of these sequences, one sees that, on a cw basis, an overihluate optical gains characterizimgphoton SHRS pro-
gain of one laser photon would be achieved. In principlecesses occurring in gases mindomlyphased(i.e., non
therefore, either 4-photon SHRS sequence in Fig. 5 can beoherently-phasgdatoms. Here we shall assume that formu-

E. Optical gain for n-photon SHRS excitation of dressed
atoms
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FIG. 6. Standard formulas farphoton SHRS optical gain that are applicable to randomly phased atomic gases. Level diagrams in which
the corresponding unit step sequences are depicted are also shown.

las for n-photon SHRS optical gain derived for randomly terference, the transition probability for the four-photon pro-
phased atoms would also apply in the dressed-atom caseess depicted might be somewhat reduced by virtue of the
provided that there exists an obvious correspondence bdact that the effective intermediate state for the first transition
tween the sequences of photonic transitions in the unit stepghown could be either H) or a|3) level, with the former
of the two processes being compared. lying above, and the latter lying below, the virtual interme-
In Fig. 6 standard expressioft. [7]) for n-photon SHRS  diate state for the same transition. If the dipole moments
gain in randomly-phased atomic gases are listed for the casgs, .; and u, ,; had the same sign, this would lead to a
n=2-6. In addition, the corresponding schematic energypartial cancellation of the overall four-step transition prob-
level diagram is shown for each process. While these fOfmUab“ity_ However, from Ref. [3] one sees than2_>1=
las QII are written for the case of a single pump frequency_l% Sina/\2,py 5=y Sinal 2 (tana=0Q/Q’), so that the
wp, it will here be assumed that they also all apply wheny,nition probability contributions arising from th# and
some of the pump frequencies are different, since the Imp0(r¥3> intermediate state levels do not cancel one another, but in
tant factors he.re are the transition dlpoI(_a moments, _the reSqact additively combine. The same remark would also hold in
hance denomlna'tor(%, and the pump light intensities. Thg,e case of the second transition. Here, either|ther [3)
hyper-Raman gaiG,; given by these formulas represents |gyels of the next highest multiplicity could again serve as
an exponential intensity gain per unit length, that is, in thejermediate states. The corresponding transition probability
abggnce of pump power depletion an_d/or s.aturat|on in thegntributions would again additively combine, singg._.;
efficiency of the SHRS process, the intensity of (tnr)1e Iasegl% coSal2,py 3=—pueCOSal2. In brief, no transition
Stokes-wave beam aig would increase by a fact@®rr' in probability cancellation due to quantum interference arises
traveling a distancé whenn-photon SHRS excitation is applied to a dressed-atom
Before applying the expression for 4-photon SHRS gaingas. This example illustrates one of the many important ad-
appearing in Fig. 6 to one of the two dressed-atom excitatiowantages gained in utilizing nonlinear excitation of dressed-
schemes shown in Fig. 5, one should take note of a strikingtom vapors to generate laser beams at different frequencies.
feature that here arises because dressed atoms are involvé@that such advantages automatically accrue with use of this
Standard expressions for SHRS gain always imply summageneration technique was first theoretically predicted in Ref.
tions over all excited energy levels, and the same should holB]. As illustrated by the example discussed in the Introduc-
when the former are applied to dressed-atom systems. Frotion, many subsequent experimental studies have demon-
Fig. 5, one might initially suspect that, due to quantum in-strated that high efficiencies of laser beam generation can
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indeed be attained when this general scheme is employed. [1n+2.0)

However, in evaluating‘ﬁﬁ)R for the transition scheme of Fig. |2.n+2.0)

5, we will assume that only intermediate state levels labeled [3,m2,n%) [1.e2.11)
|1) in Fig. 5 contribute to the transition probability; that is, v.+1172 MHz |2.2,0-1)
contributions stemming from the somewhat less resof@&nt ’ |3’n+2’n,_1>
levels will, for the sake of simplicity, here be ignored. [ 1+, ”

Assignment of frequency factors appearing in the denomi- lz'"”*”?

nator of the expression f(ﬁﬁ@e for the transitions shown in |3.m1,7) [1,741,71)
Fig. 5 is straightforward. For the first pumping step, the off- v+1172MHzZ [ [y, |2,n+1,n"-1)

set is (Qjg—wp) =27 X 2X (1172 MH2=1.47x 10" sec™. 1) |am41.071)
For the second, it i9Qj;—2wp)=27X (1172 MH2=7.36 |2:n:n,> -------

X 10° sec™. There is an exact resonance at the third pumping
step, so that in the usual manner one must here utilize a
damping factor to avoid the presence of an infinite singular- V#1172 MHz
ity. We take this damping factor to be the Cs Doppler width |; .4 .4
Awp (expressed as an angular frequendyor the approxi- |21,
mate temperaturg§ =500 K) at which it is envisioned that
the Cs dressed-atom laser would operatesp =500 MHz.
Therefore, one here has (Qpg—3wp)=Awp=3.14 FIG. 7. Two resonantly-enhanced 5-photon SHRS unit step se-
x 10° sec’. We will also assum@wp, to be the value of the quences are shown, both of which result in the production of three
Raman linewidth" appearing in the denominators of Fig. 6. laser photons ai,. The generalized Rabi frequendy, has the
The quantityl, appearing in the expression f@7, in ~ same value as in Fig. 5.
Fig. 6 would here be the intensity of isotropically radiated
fluorescence pump light ab,+1172 MHz present every- step of the process. The motivation for doing this is based
where in the region of the vapor cell where the laser beamgpon the fact that the expression @ﬂg{ would now contain
propagate. We here take this quantity to be 0.1 WTm the factorl ™. As explained earlier, in the present motigl
(1000 W n7). (For simplicity, the same value will also be s constrained to have the large vallg18.2x 106 W m™2
assumed for the intensity of the fluorescence pump light at1822.5 W cm?). It is thus possible that, due to the presence
v+ 1172 MHz) Let it be assumed that the Cs atomic densityqf the factorl ™, G(FT) (n>4) might actually have a greater

. . 3 o R
n the vapor .ceII is 18 m . For the excitation scheme of value thanG(j;, despite the higher order of the former pro-
Fig. 5, the dipole transition moments appearing in the for'cess.

mula erGng would be = pni= wij = 11 aNd pig= o1 Consider for the moment the two 5-photon SHRS
Assuming laser operation witt=()" implies that the abso-  yressed-atom excitation processes shown in Fig. 7, which are
lute values ofu, ., andu, ., would beuo/2 anduo/ (2¥2),  seen to be basically the same as the 4-photon processes of
respectively. The va_llue gk, was noted earlier. The angular Fig. 5, except that there are notwo downward-pointing
frequencyws (=w,) is here 2.2<10' sec™. Upon substitu-  |aser-frequency arrow§The net cw photon gain in Fig. 7 is,
tion of the various above parameter values, one finds thgowever, still the same as in Fig. 5—i.e., one laser photon.
power gain coefficient for either of the 4-photon SHRS se-From Figs. 5-7 it follows that the ratio of SHRS gains for
quences in Fig. 5 to be onl{;~2.13x10° m™%. One  adjacent order processes in the Cs dressed-atom-laser model
immediately realizes that this gain coefficient should be mulis  evidently —always G',},}}/GE'R: 4#&1'5/2800?52(3-14
tiplied by a factor 16 for the following reasons. As already x 1(°)2~4x3.15=12.6. Therefore, one ha&>,~4.3
noted, there are 8 possibilities for realizing an equally strong 15-6 ;=1 which is still too small a gain value tnge useful.
three-photon-resonant pumping sequence with use of phiowever, one can next simply consider the optical gain val-
tons at eithem,+1172 MHz orv,+1172 MHz. For any of e that would result from still higher-order SHRS processes,

these 3-photon pumping sequences, there would be four : : (n _ -4~ (4) ;
P pumping seq Wince it was just shown th&".=(12.9"*G\;.. In this way,

ways of representing the fourth transition in the overall ' 5 - i C

SHRS sequence—i.e., the laser-frequency arrow could be ephe flnds,_ for example, thab;~0.11 m~, Wh'Ch IS more
/ C : than ten times the value needed for cw lasing to occur in the

ther atw, or v/, and could point either upwardsf. Fig. 2) or

downwards(cf. Figs. 2 and & Since this estimate of how model when roughly one percent of the intracavity circulat-
ng laser power is coupled out. It would appear, therefore,

(4) : i - !
much Gy ShO.UId be mcreasgq cqmbmes the gain at bothy at having sufficientinsaturatedbptical gain should not be
laser frequencies, one must divide it by 2, resulting in avaluea problem with the dressed-atom-laser model

of G,(j‘,;z3.4>< 10" m™—still, however, an exceedingly
small value.

However, before concluding that the fluorescence pump
light intensities assumed above are woefully inadequate for A serious question regarding the proposaephoton
lasing to occur in the model, let us first seek to determine ifSHRS excitation mechanism relates to the assumption tacitly
significant additional optical gain could in theory result from made in all of the foregoing that this photonic process could
SHRS processes that are of oraer 4, but in which three be driven by incoherent fluorescence pump light. At present,
fluorescence pump light photons are still absorbed in the unithe best the authors can do in trying to confront this question

[3,nn%)

|3,n-1,0")

F. Pumping of SHRS with broadband stochastic light
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is to note that there is compelling evidence in the scientific PUMF’-O‘iTTUBE
literature that pumping of SR@&.e., two-photon SHR$can,

CERAMIC TUBE
under certain conditions, be done as effectively with broad- HEAT-PIPE Vﬁ'CK s <
band incoherent light as with narrow-band laser light. For 1 !
example, the results of a theoretical and experimental inves- NS NN
tigation of SRS in the field of a Gaussian noise pump in a “cONNECTION  HEATER +CONNECTION

medium with active length are presented in Ref9], where

it is shown that the nature of the stimulated scattering de- FIG. 8. Schematic diagram of a heat-pipe discharge tube
pends upon the relationship of the correlation tirgg of the ~ (HPDT) with an axially occurring discharge.

noise-pump field, on the one hand, and the transverse relax-

ation timeT,, and the characteristic group-lag tifig on the

other hand. For Copropagating pump and Stokes wakes, ago. A schematic diagram of an HPDT is shown in Fig. 8.
=1(1/up—1/ug), whereup and ug are the respective group The_principles by whiqh such a device operates vv_hen the
velocities. For opposing waveSg=|(1/up+1/ug~2l/c. In continuous electrical discharge occurs axially are discussed
atomic gases, SRS typically occurs in the forward directior!” [12]. . . . .

when the regimd,> 7.,,> T, is satisfied. It is shown theo- In .the opt|<l:al ggam estimates madg n Sec. 11 D, a Cs atom
retically in[9] that, for this regime, a broadband noise pumpdenSIty of 16" m™ was assumed. This is seen to correspond

: . . . roughly to the low end of the pressure range over which an
is as effective as a coherent monochromatic pump having th . :

. . . PDT can effectively operate. Use of higher Cs pressures
same intensity. It would seem that the same result might als,

. . . Qould result in greater optical gain, but would also require
apply when dressed atoms are excitednghoton SHRS in that proportionally higher laser pulse energies be used to

the proposed laser device, the reason being that the samga the Cs dressed-atom laséSec. 11l B). Our present
inequality T, > 7co,> T3 is likely to prevail. The requirement ey s that experimental realization of the Cs laser device

that pump and Stokes waves be copropagating is basicallyoyid be easiest to attempt at the lower pressures.
satisfied if the former is considered to be the discharge-

produced fluorescence photon flux directed along the axis of

the gas-containing vessel. In the proposed device, the quan- B. Cavity configurations for “starting” discharge-pumped

tity T; would be almost identically zero, since all pump and dressed-atom lasers

Stokes-wave frequencies occur within the two narrow spec- . _

tral regions in which EIT is established, i.e., the spectral Thus far in the present paper, it has been assumed that a
intervals  |w—w,|<(Qy-Awp)/2  and |w-w|<(€ preexisting column of Cs dressed atoms is nonlinearly driven
~Awp)/2. As can be seen from plots gf, the real part of DY fluorescence pump light, resulting in the continual gen-
the dressed-atom linear susceptibilif. Fig. 2 of [8], or eration of enough additional laser photons to replace those

Fig. 13 of[10]), the slope of this function changes very little which leave the laser cavity in the form of the cw laser

in the above spectral intervals, implying constant group Ve_output beams produced by the device. It was explained in

. . Sec. Il A that, once coherently phased, a gad dfpe atoms
locities over the same intervals. essentially does not require additional power to be expended
In the theory presented in RdB], it is deduced that, in y q P P

. . : in order for it to remain in this prepared state. However, to
the regimeT,> T°.°f>T3’ the linewidth of the SRS St_okes initially form, for example, a 1-m-long column of coherently
wave generated is approximately that of the stochastic pum

: . . . Bhased Cs atoms at a density of-%16m would require a
light. This would imply that the spectral width of laser beamst tal “preparation energy13] of roughly 20 mJ cir?. This

g:anrﬁrlatedr én \}ihe pk:op%seﬁvas S'SCharrgi}fnuTﬁe%’ogr&ﬁZe 1ergy would have to be supplied to the Cs vapor cell in the
atom faser device should always be approximately device through direct irradiation of the latter by simultaneous

pulsed laser beams ai, and w/, with the energy of each
beam being at least 10 mJ tmSince this value represents
ll. EXPERIMENTAL APPROACHES FOR TESTING an intracavity-injected energy, a somewhat challenging tech-

FEASIBILITY OF THE PROPOSED LASER DEVICE nical problem presents itself here, in view of the conclusion
made in Sec. Il E that the total transmittance of both cavity

A. Containment vessel for the atomic vapor and electrical mirrors should not exceed 1%. A rather extensive amount
discharge of equipment would apparently be needed to “start” a Cs
discharge-pumped laser in this manner. This equipment is
To maintain a stable, arbitrarily long, isothermal columndiagrammed in Fig. 9. In initial attempts to demonstrate op-
of pure Cs vapor, at pressures adjustable anywhere overeation of the device, it might be best to work with small area
wide range (~0.01-100 Tory, and to provide a means beams, e.g.~0.1 cnf. The total starting pulse energy ap-
for producing throughout most of this column intenseplied to the 1% transmitting mirror in Fig. 9 would then have
6S,,,-6P,,, fluorescence via electronic impact excitation, oneto be ~200 mJ. Although the frequencies of the two starting
can effectively utilize what is termed lzeat-pipe discharge laser beams should be accurately centered,znd »,, no
tube (HPDT) Such robust devices were first propogéd] purpose would be served in making the line widths of these
and experimentally demonstratel?] more than thirty years beams less than about 500 MHz. Although there would exist
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CW TUNABLE
Ti-SAPPHIRE OSCILLATOR

100% R 100% R
9.2 GHz AMPLITUDE FIG. 9. Diagram of apparatus that can be used
MODULATOR to initiate cw operation of a Cs discharge-pumped

FLASHLAMP-PUMPED dressed-atom laser.
Ti-SAPPHIRE AMPLIFIER ROD
HPDT
/ i - \ ‘ r\Ln = T i T /
\ S j R (2 r 2 g ﬁ /
AN
. 100% R
OFF-AXIS-ILLUMINATED, MULTI-PASS, SRR, THT ’
SPHERICAL MIRROR INTERFEROMETER
CW Cs LASER

OUTPUT BEAM

some latitude in the choice of starting laser pulse widths, aketched in Fig. 10. Here the Ti:sapphire rod is simply incor-
measure of guidance is provided by considerations such gsorated into the Cs-laser cavity as an extra element. No basis
those that were presented in Sec. Il D. For example, it wouldor tuning is provided, in order to avoid any significant ad-
probably be best for the circulating intracavity power of eachditional optical cavity loss. When the rod is pumped by an
of the pulsed starting laser beams to exceed the 1.8 k\W/crexternal light pulse, very strong Ti:sapphire laser action will
cw steady-state value expected in the case of a Cs dresseutcur over a very wide band of frequencies that would nor-
atom laser. In a 0.1 ctnbeam, therefore, each intracavity mally include all four Cs 6,,,-6P,, optical transitions. In a
starting laser beam power should be no less th&®0 W. gas of randomly phased atoms, these transitions would of
This would imply a starting laser pulse width5 n sec. Af-  course all be strongly absorbing, and this would initially pre-
ter making a final pass through the Ti:sapphire amplifier rodvent the pulsed Ti:sapphire lasing from occurring exactly at
in Fig. 9, each starting laser beam should therefore have the resonance frequencies. However, strong Ti:sapphire las-
power ~20 kW. This power level should be achievable by ing would occur in spectral regions that closely abut the Cs
multipassing the modulated cw Ti:sapphire laser beam six oresonances. Via variousphoton SHRS processes driven by
seven times through the Ti:sapphire amplifier rod, assuminghe intense Ti:sapphire laser light, nonlinear excitation of the
that the latter is pumped by a relatively fast10 u seq Cs atoms conceivably could then happen, leading to the
flashlamp. In this way, in principle, Cs cw dressed-atom laseeventual establishment of discharge-pumped, cw dressed-
action could be started on either of the Cs doublé&ransi-  atom laser action on two of the four C§,« 6P, transi-
tion pairs. tions as the Ti:sapphire laser pulse energy circulating in the
If starting the proposed dressed-atom laser were to alwayzavity slowly decays. A potential advantage of this scheme is
require the use of equipment as complex as that shown ithat it would be relatively simple and inexpensive to try.
Fig. 9, the laser, even if it were realizable, would clearly
represent a rather impractical device. The authors believe IV. SUMMARY
that the proposed laser could perhaps be started in a much

simpler way, using a configuration similar to the one In the present paper, the feasibility of constructing a
discharge-pumped, cw dressed-atom gas laser has been ex-

amined. It is concluded that there is some chance such a
100% R 100% R device could be made to operate whefl&o-2-meter-long
column of coherently phased Cs atoms becomes additionally

excited by sufficiently-high-order stimulated hyper-Raman
scattering(SHRS processes. Via such processes, discharge-
o HPDT . produced fluorescence at two CS,5-6P,,, hyperfine tran-
i — — 7 sitions forming aA pair can theoretically become converted
/ (s [ g ) L N
99% R, 1% T . 100% R to cw laser radiation at the frequencies of the other
T SAPPHIRE AMPLIFIER ROD 6S;,~6P;, A pair. The adopted pumping scheme con-
strains the value of the intracavity circulating cw beam
CW Cs LASER power at each of the two lasing frequencies to be
OUTPUT BEAM ~1.8 kW/cnt. While estimates of the single-pass unsatur-

ated optical gain in the model indicate that it could be as
high as, say, 1%, one would nonetheless have to ascertain
that the &, 6Py, fluorescence power integrated along

FIG. 10. A possible alternative configuration for initiating cw
operation of a Cs discharge-pumped dressed-atom laser.
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