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Abstract. It is shown that a model recently proposed for two-level-atagers without inversion (LWInh Space (Sorokin

& Glownia 2002) gains significant credibility when the model is instead constructed on the basis of atoms simultaneously
saturated on two atomic transitions sharing a common level. The principal advantage attained by considering the atoms in the
model to have three active levels rather than two is that the pumiicieacy no longer rapidly decreases with increasing
power of the coherently generated light beam(s). The powerful “dressed-atom” approach for analyzing the physics of atoms
strongly driven by resonant light beams (Cohen-Tannoudji & Reynaud 1977) provides a direct and insightful way to understand
both this €fect and the remarkable transparency that occurs at the bare-atom resonance fregyemzdes, in such systems.

Both features make it possible for a coherently phased, dressed-atom gas to exhibit laser emigsiodag, provided there

exists a suitable independent pumping mechanism which can “donate” photons to the laser beaffisiahd\shigh rate. It is

shown that the nonlinear processestifmulated hyper-Raman scattering (SHR8)stimulated broadband Raman scattering
(SRS)re generally ective means of converting incoherent pump light into coherent dressed-atom laser light, provided that
the frequencies of the former and the latter are close together. This requirement would be optimally satisfied, for example,
if the incoherent pump light were the strong fluorescence.adnd w;, produced via electron impact excitation (EIE) in an
ionized plasma, since pump and laser frequencies would hiéee ai most by the Doppler widthyvp. In the present paper, the
emphasis is placed on exploring whether dressed-atom lasers could play important roles in exciting the strong far-ultraviolet
(FUV) emission lines seen in symbiotic stars. A pure hydrogen symbiotic star model is first considered. It is shown that very
high optical gain should exist for lydressed-atom laser emission, with amplification mostly occurring within short distances

of the H VH Il interface, as the laser beams propagate away from the latter. The pump mechanism far ek yemission

would here be either SHRS or SRS. The pump light would be flyorescence generated within the ionized region. It is

next explained that if Ly dressed-atom laser emission is present, one could also expedteldsed-atom laser emission to
occur. A laser-based interpretation aved for the puzzling H line profile variations observed with changes in orbital phase

in the eclipsing symbiotic star SY Mus. The strong C IV FUV doublet emission is considered next. It is concluded that C
IV dressed-atom laser emission in symbiotic stars could theoretically also be present, with amplification here occurring along
straight-line paths contained within that part of the ionized hydrogen plasma in which C IV is the dominant carbon species.
The pumping mechanism in this case could only be SHRS, with the pump light being C IV fluorescence generated via EIE in
the C IV-dominant region. Under the assumption that an analogous scenario would apply in the case of the O VI FUV doublet
emission, an interpretation is given for the spectral structure observed on the 6825-A Raman line in RR Tel. A new nonlinear
processstimulated radiation pressure scattering (SRRSproposed to explain the observation that, in a few symbiotic stars,
there occurs almost total absorption of the background continuum level in two comparatively narrow spectral regions, each
blueshifted by the same amount from a component of an FUV doublet. A high quality C IV spectrum of EG And is analyzed
on the basis of this new nonlinear process.

Key words. Atomic processes — radiation mechanisms: non thermal — stars: individual: SY Mus — stars: individual: RR Tel —
stars: individual: EG And

1. Introduction nates the far-UV (FUV) spectra of some symbiotic starg. (
RR Tel), and the sharp, anomalously strong émission line

In a recently published paper (Sorokin & Glownia 2002 — herthat is occasionally seen in_reddened, early-type_ stars. It was
after referred to as S&G ), a new idea was suggested to explBifPosed that these emissions represent spherically expand-

relatively intense, narrow-band emission lines radiated by c&¥9 outputbeams of so-called *lasers without inversion (LWI)”

tain space objects. Specifically considered in S&G | were theth€ latter being located near certain very bright stars and

strong O VI (1032 A, 1038 A) doublet emission that domi?€iNg Pumped by the blackbody continuum light emitted by
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Although the discussion in Sect. 4 of S&G | was entirely
focused on the establishment of EIT in three-level atoms: sy
tems, the need to find a credible pumping mechanism for an
@, LWI in Space prompted the authors at that point to consider
the possibility that an LWI might be realized with an even-sim
pler system — a gas of two-level atoms. It was noted in S&G |
that complete transparency in the vicinity of the resondrese
guencyw, of a two-level atom can be induced in a gas of
such atoms simply by propagating through the gas a narrow-
band laser beam tuned t@,. However, unlike what happens
when EIT occurs in three-level atomic systems, EIT in two-
level gases is invariably accompanied by heavy saturation o
the transition, which in turn leads to a rapid drdpia the dfi-
ciency of the stimulated hyper-Raman scattering (SHRS) pro
cess proposed as the LWI pumping mechanism in S&G 1. This
problem with the two-level-atom LWI scheme was fully rec-
ognized in S&G |, and it was proposed that, as the power in
the beam aby, increases, a related process, four-wave mixing
(FWM), becomes the dominant nonlinear process that tresisfe
power from the incoherent pump source to the coherently gen-
erated beam ab,. However, the calculation given in Appendix
those stars. A reasonably complete discussion was presemief S&G | showed that the FWM process also strongly satu-
in S&G | of the essential physics that underlies the openatigates, hinting that in future studies one might explore Wwaet
of an LWI. In general, any viable LWI scheme must includghere exist other modifications of the LWI scheme proposed in
a photonic process that produces complete transpareniog at3&G | that can account for lasing in a space object that emits
lasing frequency, a condition usually referred to as “etect narrow-band light at an intensity exceeding that of theniliu
magnetically induced transparency” or EIT. In additiorerth nating star continuum level by several orders of magnitade,
must exist a credible pumping mechanism and also a well dgcurs in each of the three symbiotic stars considered in §&G
fined source of pumping energy. for example.

In Sect. 4 of S&G I, a lengthy description was given of One of the main goals of the present paper is to show that
some of the techniques that have been developed for indtiere indeed exists a simple modification of the SHRS-based
ing EIT in three-level systems. The relative energies amifypa scenario proposed in S&G | that does allow incoherent pump
assignments of the atomic levels in a three-level systemrdelight to be converted into narrow-band laser light at veryhhi
mine whether it is to be classified as a “cascade”-type, “Vpower levels. Specifically, it will here be outlined thatusat
type, or “A”-type system (Fig. 1). In each of these types, thigon of a laser in space comprising a gas of coherently phased
parities of two of the levels are taken to be the same, withree-level atomsif. a “dressed-atom” laser) can be com-
the third being opposite. Two of the three transitions ates thpletely avoided. In this new scheme, the same basic SHRS
dipole allowed; the third (thactransition) is dipole forbidden. pumping mechanism now operates in the spectral vicinity of
In principle, it should be quite straightforward to establia eachtransition, converting incoherent pump light into coheéren
condition of EIT in a tenuous gas of three-level atoms in padaser light atboth allowed transition frequenciaes, and wy,.

As noted at the end of Sect. 4 in S&G |, “... co-propagation ¢f is shown that the dressed-atom structure allows this I"dua
two resonantly-tuned, monochromatic laser beams througls$ldRS pumping process to continue to operate with higjh e
tenuous gas of three-level atoms accomplishes one major stency, even at the highest laser light intensity levelsc8ithe
needed to realize an LWI in space — it removes in principle atessed-atom gas is fully transparenigtandwy, the ampli-
attenuation (loss) for the two beams as they propagate avii@g beams can propagate through space without being attenu-
from stars that provide the pumping power required for amphted.

fication of the beams.” This induced transparency occurs les In S&G I, the principal aim was to suggest that some su-
as a result of saturation.€. equaling of the populations in theperintense narrow-band emissions seen in space objedi$ mig
upper and lower levels of an unperturbed atomic transitiomgpresent coherently generated LWI light. In the presepepa
and more through quantum interference. The two laser beanmasing access to what we believe is a better theoretical mode
effectively drive all atoms of the gas into a stable “coherentlyi.e. dressed-atom lasers), we continue with equal enthusiasm
phased population state”. In this state, the wavefunciidadl to explore the same general exciting possibility. Howethes,

the atoms in the gas become linear combinations of the undecus is here placed entirely on symbiotic star systems, be-
turbed (“bare-atom”) wavefunctions of the three leveloAs cause of the unique physical characteristics these spgeet®b
coherently phased by this method are commonly referredgossess that would increase theriori likelihood that they

as “dressed atoms”, and sometimes also as “coherentlygdappould display laser emission. Section 2 is entirely devated
atoms”. In the present paper, use of the former term is géyperan analysis of the possibility of laser emission in symigioti
favored. stars. A pure hydrogen symbiotic star model is first consider

Fig. 1. Energy level structures for (a) cascade-, (b) V-, and\(¢ype
three-level atoms.
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It is shown that very high optical gain should exist foraLy monochromatic driving fields. The next step one takes isther
dressed-atom laser emission, with amplification mostlyuocc fore to calculate how the multiplicities, y become perturbed
ring within short distances of the HH Il interface, and with by the presence of the two resonant laser beams ahdw,. A

the pump light for the SHRS pumping mechanism being Lycomparatively simple situation results when the so-céled-
fluorescence generated within the ionized region. It is e&xt ular approximation” is made, that is, when it is assumedahat
plained that if Lyr dressed-atom laser emission is present, ogaantity termed the “generalized Rabi frequengy’is large
should also expect & dressed-atom laser emission to occucompared to either of the radiative decay rates for the itrans
Assuming the latter happens, an interesting interpretatém tionsabandbc. (As already mentioned, it is here assumed that
be given of the puzzling H line profile variations observedfor all three types of atom structures thetransition is radia-
with changes in orbital phase in the eclipsing symbiotie sttvely forbidden.) In the presence of the resonant laseddiel
SY Mus. The strong C IV FUV doublet emission is consideregach threefold degenerate multiplicity splits into thresvn
next. It is concluded that C IV dressed-atom laser emissiongtates (the “dressed-atom” statés), ') (i = 1, 2, 3), with the
symbiotic stars could theoretically also be present, witipl:  separation in energy between adjacent states in a givefir mult
fication here occurring in straight-line paths containethimi plicity being (¥2)Q2;. From the expansions of the dressed-atom
that part of the ionized hydrogen plasma in which C IV is thgtates as linear combinations of the bare-atom states,ame c
dominant carbon species. The pump light for the SHRS pungetermine the rates of all possible spontaneous emission de
ing mechanism would be C IV fluorescence generated via EtRys from the three perturbed stateggf to lower multiplici-

in the C IV-dominant region. Under the assumption that dies,i.e. one can determine the fluorescence spd€iséw) and
analogous scenario would apply in the case of O VI FUV doy(w) of the dressed-atom system. For cascade-type atoms,
blet emission, an interpretation is given for the spectiralcs C-T&R also show that (again, when the secular approximation
ture observed on th&#'6825” Raman line in RR Tel. holds) one can easily obtain expressions for the steadg-sta

At the conclusion of Sect. 2, a new nonlinear procesis)- populationso(n, n’), which, to a very good approximation,
ulated radiation pressure scattering (SRP8),proposed to can be factorized as:
explain the observation that in symbiotic stars there (some 0 N -
timpes) occurs almost total absorption of the backgrounticon i (0. ) = {mi} Po(m) (), (2)
uum level in two comparatively narrow spectral regionsheawherepy(n) andpg(n’) are the distributions of the photon num-
blueshifted by the same amount from a component of an FW¢rsn andn’, andr; gives the steady-state probability that the
doublet. A high quality C IV spectrum of EG And is analyzedith state in any perturbed multiplicity is occupied. Simfibe-
on the basis of this new nonlinear photonic scheme, whieh, alulas for ther; for cascade-type systems derived in C-T&R
though relying upon dierent physical principles from thoseshow that these quantities depend only on the bare-atom-radi
involved in dressed-atom laser emission, appears to be ative decay rates and on the ratio of the Rabi frequencieseof th
priori equally viable photonic process. two applied resonant laser beams.

To try to identify a mechanism which would allow a space In Sect. 4, the spectral properties/ofand V-type dressed-
laser beam to be amplified without saturation occurring, vaéom gases are considered. It is shown that for these systems
have found it most helpful to use the powerful “dressed-dtorthe quantitiesr; can only have the values 0, 1, abg- mak-
approach for analysis of resonantly driven three-levetesys, ing analyses of dressed-atom spectra generally much simple
an approach that was proposed and explained in an illuthan for cascade-type systems. From diagrams analogous to
nating paper published several years ago (Cohen-Tann&udfihe one used in Sect. 3 to show the allowed spontaneous emis-
Reynaud 1977 — hereafter referenced as C-T&R). This classipn transitions from the perturbegd,, states of cascade-type
cal paper therefore forms the basis for Sect. 3 of the presatams, one can determine the fluorescence spectia ahd
paper. In that section, it is explained how one first conssrud/-type dressed atoms. In this connection, twype structure
a foundation for the dressed-atom approach by consideringig especially interesting, becausefluorescence is emitted by
infinite lattice of “multiplicities” eny representing states of adressed atoms of this type. Utilizing the appropriate dréss
system comprising an atom plus the two resonant laser fiealem spontaneous emission decay diagrams, and recognizing
with which it interacts. Each multiplicity consists of agiefold that thern; values can only be 0, 1, df2, one can immedi-
degenerate set of states. Each such state can be reprasgntately determine the linear absorption spectra for botrand
a ket of the formil, n, 'y, corresponding to an atom in level V-type dressed atoms in the vicinities ©f andwy,. For both,

(I = a, b, c- see Fig. 1) in the presencemphotons atv, andn’  absorption occurs in four narrow bands centereshai(1/2)Q;
photons atv),, with an unperturbed enerds(+ nwo, +N'w}, (tak- andwy + (1/2)Q;. Although the absorption bands are shifted
ing #=1). The threefold degenerate states comprising a giveway from the bare-atom positions, they remain undimirdshe
multiplicity depend upon whether the system being considerin strength. This is the underlying reason preventing sditum

is of cascade-type, V-type, ar-type. For cascade-type system§om occurring during SRS or SHRS pumping of a dressed-

(the only type explicitly considered in C-T&R), one has atom laser.
Having acquired basic knowledge about the absorption and
Eny = {|a,n+ 1, n’>,|b, n, n’),lc, nn —1) } ) (1) fluorescence properties of dressed atoms, one is prepared to

inquire how a gas of such atoms would respond to the addi-
In the dressed-atom approach, one is really seekingtiomnal presence of intense incoherent pump light at intgnsi
find the eigensolutions of the combined system of atom alebels believed to be present in symbiotic stars (Sect. @hB
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linear and nonlinear optical pumping processes which poten

tially could provide gain atw, andwj in a gas of V-type or

A-type dressed atoms via absorption of such pump light are  2sa0®f N
considered in Sect. 5. It is shown that while SHRS is the only
optical pumping mechanism that could excite V-type dressed
atom laser emission in symbiotic stars, there is a potétial
even stronger mechanism, stimulated broadband Raman scatﬁ
tering (SRS), that could providdfective pumping foiA-type
dressed-atom lasers in such systems. Thelbger discussed

in Sect. 2 could therefore theoretically be &getively pumped
via SRS as by SHRS. In Sect. 5, brief mathematical “proofs”
are also ffered showing why the atoms of a coherently phased 5.0x10™" |-
gas remain “dressed” as photons are “donated” to the laser
beams via either SRS or SHRS. 0o L ‘ S e e I

. . . . 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700
In Sect. 6, we summarize the main ideas and conclusions Wavelength (A)
of the present paper.

2.0x10™ E

/A)

1.5x10™ E

1.0x10™ E

Flux (ergs/ci

Fig. 2. STISspectrum of RR Tel. Data sé@5EH01010 downloaded
from theMAST Scrapbookhttp;/archive.stsci.egacrapbook.html

2. Far-UV (FUV) emission doublet intensities in
symbiotic stars

2.1. Excitation mechanisms for the FUV emission soomon [T
doublets in symbiotic stars:
ionization/recombination (I/R), electron impact
excitation (EIE), and nonlinear photoexcitation
(NLP) compared in a pure hydrogen model

6.00E-010

In the FUV spectra of virtually all symbiotic stars, the C IV 4.00E-010 [ 1
(111548, 1551) emission doublet is almost always strongly

seen. The N V {11239, 1243) emission doublet is also fre-

quently present, but its intensity is usually less than tifat

the C IV doublet (Fig. 2). The O VIA11032, 1038) emission h

doublet only appears in symbiotic stars having very hot evhit 00020000 ks M e bl
dwarf temperatures, such as RR Tel. However, not all such sta 950 1000 1050 1100 1150 1200 1250 1300 1350 1400
display this emissiong(g. RW Hya). When present, the O VI Wavelength (A)

doubletis frequently the strongest emission feature ifFthe

spectrum (Fig. 3). Throughout the entirety of Sect. 2, thédmarig. 3. TUESspectrum of RR Tel. Data seties2218_1 downloaded
emphasis will be placed on exploring in a very general wasbm theMAST Scrapbookhttpy/archive.stsci.edacrapbook.html
whether there exists even a remote chance that nonlinear pho

tonic mechanisms could play important roles in excitingrsty .
emission lines observed in symbiotic stars, including tree therefore given by
above mentioned emission doublets, all of which are prodiuce M
by ions having three-level, V-type structures, as illustiaby N (X) =
the O VI energy level diagram shown, for example, in Fig. 9 of )
S&G I. With the exception of the stront 640 He Il emission, Wherex is the radial distance from the mass-losing skaris

all other emission lines seen in Figs. 2 and 3 occur on plyrtiathe mass-loss rate, awds the constant wind velocity. A hot
forbidden transitions and therefore probably result frothes  White dwarf emittingL,n hydrogen ionizing photons per sec-
EIE or electron-ion recombination, as has long been assun®#l is located a distanae from the cool star and intercepts
in the symbiotic star literature. part of the wind from the latter. It is assumed that no separat

We now focus on the simplest type of model for a sani”d emanates from the hot star itself. A parametes de-
biotic star nebulai.e. one that contains only hydrogen atomdined that determines the location of the ionization frorthie
Our analysis here will be based upon a symbiotic star modBpPde!- This parameter is given by the expression
amenable to analytic solutions that was first suggested in 47rm,ﬂ (M)-z

= a ph ’

Flux (ergs/cm?/s/A)

2.00E-010

3)

Army VX2

Seaquiskt al. (1984) and in Taylor & Seaquist (1984). These X
authors represent a symbiotic star by a cool red giant under-

going uniform, spherically symmetric, mass loss of hydmggewhereas is the recombination cdicient to all but the ground
with the H-atom gas densityy(x) in the outgoing wind being state of hydrogen. The position of the ionization front igegi

(4)

ap
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Fig.4. Schematic of the pure hydrogen symbiotic star mode
Reproduced from Fig. 1 of Taylor & Seaquist (1984).

by the expression
f(u,6) =X (5)

with the functionf(u,f) being that given in Eq.(5) of Taylor &
Seaquist (1984). (The expression far,) for the cas# # 0, «
contains a misprint in both Seaquist al. (1984) and Taylor Fig. 5. Characteristic shapes of the ionized hydrogen nebula feeth
& Seaquist (1984). A correction was published as an Erratfafi9es of the parametet. Reproduced from Fig. 2 of Taylor &
in 1987, ApJ, 317, 555.) The parametersnd are shown S€aquist (1984).

in Fig. 4. Characteristic shapes of the ionized nebula fraeth

ranges of the parameter X are shown in Fig. 5. in such a model. The most important photonic quantity to con-
Let us now examine the nebular structure described by tigler in this connection is the flux of byphotons crossings.
above model for a set of parameter values that could reasghese photons are all generated inside the Strémgrenespher
ably characterize an s-type symbiotic star. We assiMne via either JR or EIE. It is a standard approximation to as-
10°Me/yr, ag = 2.0 x 10™"® cm’/sec,v = 10 knysec, Th  sume that the rate at which &yphotons generated by the first
=100,000K, a= 5 x 10"* cm, andRy= 0.1R;. The values cho- mechanism emerge from the entire Stromgren sphere surface
sen forTh andR, imply that Lyh = 6.55 x 10° photongsec. is equal toLy,. Thus the contribution to the kyflux cross-
From this and the other parameters chosen above, one cajgyg from the JR mechanism ig!’? = 7.8 x 13 photons

Lya
lates from Eq.(4) a value fof of 0.0014. The nebular structurecm_z sec’, representing an optical power of 1288K2. In the

of our example is therefore closest to the one shown at thie tORtandard Stromgren sphere scenario, the emergiaghptons
Fig. 5. From Eq.(5) one finds2 that the HHIII ionization front would be distributed within a bandwiﬁﬁw'{R corresponding
. ~ vor

oceurs at a distanae= 7 x10°* cm frc_)m the hot star a_long theto Doppler broadening of H atoms at the electron temperature

directiond = 0, whereas along the directién= r, the distance T, of the ionized plasma. For an assumed valye 10,000K

to the ionization frontis = 9.75 x 162 cm, i.e. Uy = 0.14, A?/I/R would be approxirﬁately6 crh ' '

Us—r = 0.195. From Eq.(3), one sees thmi(a) =1.2 x 10° bya . - ,
Consider next the EIE contribution to thed-§lux crossing

_3 o .
cm = 'I'_hertaddle:)'uon b_our:desc:]gbula n Ou; model can Wf" _kt)ers. The total rateo'E at which electrons located throughout
approximated by a Simple Stromgren Sphere, since s Y the entire volume of the Stréomgren sphere produce H-atom 2p

gf tze symtplotlfc S:ﬁr pSa:r'e'lmeters az;umed above into the S&itations through collisions with neutral atoms exigiimthe
ard equation forthe stromgren radngs plasma is approximately given by the following integration

47rnﬁaB

(6) rs
PF'E = f 4nr?no2PnS (Ndr 7)

0

3 _
s =

yields the values= 8.16 x 16% cm.
Although no given symbiotic star can probably be verideren, ~ ny is the density of electrons in the plasmd, =
well represented by the oversimplified nebular model here &kT./me)/? is the most probable thermal velocity of the elec-
ing considered, it is at least fairly straightforward toetetine trons,o2P ~ naZ is the cross-section for electron impact exci-
what should be the relative importance (R EIE, and NLP tation of H atoms to the 2p state, ang(r) is the density of
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hydrogen atoms within the ionized plasma of the Stromgren

sphere. The functional dependenceroof n3 (r) is given ap- 2 P,, =2 23.7 Mhz
proximately by /'Y 2 F'=1 T
s 4nr’nag 2
nH(r) ~ — (8) 2°P,y,

whereag ~ 6.8x10*cn? is the average H-atom photoioniza-
tion cross-section. Evaluation of the integral in Eq.(7hwise
of the above various parameter values yields the inteigestin
sult thatp®'E = 4.29 x 13° photongsec;i.e. only about 6.5
percent of the Ly photons crossing the Stromgren sphere sur- 5 1 2  2A=121.56 nm
face result from EIE. These would have the same spectral dis-
tribution as the Ly photons resulting from th¢R mechanism.
One should bear in mind that the relatively small fraction-co
tributed by EIE to the total rate of layphoton production in the
present model belies the general importance of this praess i

an emission-line-generating mechanism in symbiotic sthun . F=1
lae. Relatively very few H atoms are present inside a Strémg 12 L F=0 1420.4 Mhz
sphere, th@veragedensity in the present case being osB.2 T

x10* cm3,
At first glance, it would seem relatively unimportant tdi9. 6. Energy levels involved i_n 1s-2p trans_itio_ns of hydrogent(no
know what exactly constitutes the maindphoton genera- d_rz_awn_ to sc:_;ll.e). The numbers |n_the arrov_vs indicate theivel&tan-
tion mechanism in the pure hydrogen symbiotic star mod%ilon intensities. Adapted from Fig. 2 of Eikeratal. (2001).
here being considered, inasmuch as all the light emerg-
ing from the Stromgren sphere should in principle immesdjat
undergo elastic scattering andfdsion in the encompassing
cloud of neutral hydrogen atoms that constitutes the caol splification then occurring in directions that point radjadiway
solar wind. However, let us now consider the possible rdias t from the hot star. Amplification should everywhere contitue
nonlinear photoexcitation (NLP) and dressed-atom lasés-enPccur for a characteristic radial length that will be analyz
sion could play in the model. A glance at the electronic eRelow. However, at larger radial distances, the dresseaf-at
ergy level structure of the hydrogen atom (Fig. 6) shows thi@ser intensity should start to weaken, due both to ftfiects
in principle this system is capable of supporting eithetype Of pump power depletion and to the unavoidable? intensity
or V-type dressed-atom laser emission. However, althoatsh gall off that accompanies a spherically expanding wave front.
uration of the nonlinear pumping process can equally well fventually, when the dressed-atom laser intensity fallevbe
avoided with both V- and\-type dressed-atom lasers, there i8 critical level needed for the so-callsdcular approximation
good reason for initially assuming the dydressed-atom laserto apply (see Sect. 3), the condition of EIT can no longer be
in our symbiotic star to be of type. In Sect. 3 it is shown thatmaintained, and the laser light then starts to become eddisti
while V-type dressed atoms strongly fluorestetype dressed scattered in the same manner as would occur for incoherent
atoms do not. ThuA-type dressed-atom laser beams propagéad. light.
ing in the solar winds of symbiotic stars should not be subjec In this scenario, the flux of incoherentdyphotons emerg-
to extra attenuation due to a process that transfers powsr fring from the Stromgren sphere surface constitutes the pump
the beams to support dressed-atom fluorescence, unlike whatlight. As this light difuses outwards froms, it ideally
theoretically must happen in the case of V-type dresseqhatehould eventually become entirely converted terldressed-
laser beams. However, the tentative conclusion just maate tatom laser radiation via the nonlinear process of stimdlate
symbiotic star dressed-atom lasers must necessarily le®l bas/per-Raman scattering (SHRS). In Fig. 7 is shown both a
uponA-type systems will shortly come under further scrutingchematic diagram of the unit SHRS process and a sketch
when we consider the possibility thatHiressed-atom laserdepicting what a possible relationship of pump bandwidth to
beams are also generated in these systems. dressed-atom-laser bandwidth might be. The pump bandwidth
For the moment, let us continue to explore how generatimhere assumed to be the6 cnt! spectral width spanned
of Lya dressed-atom laser light might occur in the pure hydrby the Ly photons generated within the Stromgren sphere.
gen symbiotic star model here being considered. For definitdowever, let it also initially be postulated thatitsideof rg
ness, let us assume the dressed-atom laser emission to ottmH-atom gas is at a temperature cold enough such that the
on the transitions £1oF =1 and F0sF'=1 of 12S;,, & 2 effective Ly fluorescence bandwidth is/, ~ 0.003 cn?, the
2P/, these being stronger than the transitions connecting trsue that corresponds to natural lifetime broadening i t
1 2S;,, hyperfine levels to F21 of 2 2Py/,. To simplify the transition. We are temporarily making this patently uniseal
discussion at the outset, let it temporarily be assumedjérat tic assumption that Doppler broadening of H atoms outside
eration of Lyr dressed-atom laser light commences at all pointan be completely neglected in order to obtain quickly a houg
of the Stromgren sphere surfagg with propagation and am- idea of what the dressed-atom-lasgtical gainwould be in
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l as a fourth power in the denominator.) The valugfassumed
A above follows from the standard equation

Av,~0.003 cm” ,
1 3neoh
—i I TELNC gu’ (10)

Trad w§g|

Vo wherer;,g ~ 1070 sec is an approximate average radiative life-
time for the two Lyr doublet components, argl, g are up-
A per and lower level degeneracies, which for simplicity ageeh
taken to be the same.
vAA Substitution of all the above values in Eq. (9) yieGlisr ~
3.5 x 108 m™1. The hyper-Raman gain given by Eq. (9) rep-
resents arexponentialintensity gain per unit length, that is,
| l in the absence of pump power depletion ammdsaturation in
A the dficiency of the basic SHRS process, the intensity of a
T Vo dressed-atom laser beam pumped by this process would in-
FiAvpz 6 cm'14-{ crease by a factag®' in traveling a distancé In nonlinear
. ) . ) ) optics, it is conventional to assume that threshold for dinen
Fig.7. (Left) - Diagram showing the energy-conserving, simultang, . <imylated emission process like SHRS to occur with anly
ous, three-photon scattering process involved in SHRS mgngf
dressed-atom lasers. Herg represents either of the bare-atom fre-

noise input signal is automatically reached when the bean ha
quencies, withA being the frequencyfset fromy, of either of two propagated a d'St_and:‘er - 30/Gr. Thls suggests t_hat in the
pump photons that are simultaneously absorbed while a plistdo- Present case full intensity of a spherically expanding sids
nated” to the laser beam . In the process, the atom becomes ex@tom laser beam will occur shortly after the beam has radiall
cited. (Right) — Schematic diagram showing relationshi ta scale) Propagated outwards fromy a distancdy, ~ 0.86 x 16 m,
of generated narrow-band &ylaser light to the pump radiation thatwhich is seen to be only about one percentgitself. Thus for
drives it (see text). the idealized symbiotic star structure here assumed, efitess
atom laser emission should begin to occur just outsideavith
: ull conversion of incoherent Ly pump light into coherent
the model under the most favorable circumstances. Later tl <<ad-atom laser light occurring within an additionaiger

particular assumption will be relaxed. (i%ation distance equal to a percent or sos0fAt any distance

One can determine approximately what the optical gain o m the hot star, the total power per unit area of the sphéyic

!_ya dressed_—a_tom laser based upon SHRS P“mping shoul QBanding dressed-atom laser light would be roughly theesam
in the symbiotic star model here being considered as fOl|OV\éSS

A formula for the gain coicient due to SHRS is given, for
example, in Eq. (5.22) of Hanret al. (1979). Applied to the
present case, this formula would appear as:

what the incoherent bypump light intensity would be in
the complete absence of SHRS — about 1361 nearrs.

In Sect. 3 it is explained that a condition of EIT is main-
tained in a dressed-atom laser as long asstwilar approxi-
nHwo|§#6/4ggc3h5r mation(Q; > v,v’) holds. For a hydr_ogen Qressed—atom laser,

A4 . (9) Qi ~ 10y, should occur at a laser intensiy100 mW cn.

The dressed-atom laser radiation in the present model déhoul

Throughout Hannat al.(1979) Sl units are employed. For conthus in principle propagate without loss radially outwandsl
venience, we here do the same in estimating the SHRS optigdbtal distance ~ 37rs ~ 6a ~ 3 x 10** cm from the white
gain for our hydrogen symbiotic star model. Thys ~ 1.64 dwarf is reached. At larger values pf the outwardly propa-
x 10 m=3 is the hydrogen atom density at the= O ioniza- gating spherical wave of Ly dressed-atom laser light would
tion front, w, = 1.55 x 16° radiangsec is the angular lyfre- in theory become increasingly subject to elastic scatjeaind
quency,lp ~ 1.36 x 16 W/m? is the total power per unit areadiffusion due to hydrogen atoms present in the outer reaches of
of the Ly radiation emerging froms, u ~ 8 x 103 Cm is the the red giant solar wind.
induced Lyr transition dipole moment (as obtained from Eq. However, changes in the above picture become required
(10) below),s, = 8.85 x 1012 Fm* is the permittivity of free when one takes into account both (a) the flow pattern of the
spacegc = 3 x 1¢ ny/sec is the velocity of light in vacud, = red giant solar wind assumed in the model and (b) the fact that
1.05 x 1034 Jsec is the Dirac constart,~ 0.6 x 17 radsec in order for the model to be realistic, the Doppler broadgnin
is the Ly natural linewidth expressed as an angular frequendy;p of the hydrogen atoms located outsideshould be as-
andA ~ 2.8 x 10" rad'sec is an average frequendyset (see sumed to be much greater than,. With regard to the former,
Fig.7) which can be used together with the above valugfor simple calculation shows that, in the absence of Doppleadbro
in Eq.(9) to approximate what in principle should be an intening, a Lyr dressed-atom laser beam that propagates along the
gration of symmetrically fiset pump pair frequencies over thalirectiond = x/2, for example, would be subject to a 0.0045-
entire~ 6-cnTt-wide pump bandwidth. (Actual integration ofcm™ resonance frequency shift in traversing the critical dis-
the expression given in Eq. (9) leads to an infinite value beea tancely, = 0.86 x 1G* cm. This shift is one-and-a-half times
linewidths have not been included in the quantitappearing greater than the valugv,= 0.003 cnt*earlier used to calculate

2
Ghr = gHrlp =
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upshifted Lyo l
H Av 4{ 'y \
‘F siﬁ A T

gJownshifted LY

Fig. 8. Schematic diagram showing SHRS-pumped dyessed-atom
radiation propagating along a red giant solar wind ray thigrsects
the Stromgren sphere in two places. Laser beams propagayei@m
the latter in the two directions shown. Relative sizes shoivthe
red giant radius, Stromgren sphere radius, and binaryssfzaration
approximately correspond to those of the model assumeeitest.

-A

Vv, +3,+A
-y ___1l_. l

A+5,

I'in EQ. (9). Thus, for @ = n/2 laser beam, the gain would
additionally be lowered due to an inherently non-cancédlab
inhomogeneous broadenikgntribution to the linewidth. This
effect would be zero if each lydressed-atom laser beam were
to propagate away from its point of origin og along the line
determined by the solar wind ray that interseagtsit the same (@) (0)

point (Fig. 8). Most of the gain would occur just outside eagkig. 9. (a) - Schematic diagram showing relationship of the Inatu-

of the two points where each such solar wind ray intersects ral linewidth Ay, to the Lyx Doppler widthAvp in the red giant solar
We thus here assume that theallaser beams originating onwind outside the Stromgren sphere. (b) — Asymmetric SHR&tee
the surface ofs closest to the red giant propagate towards theg process by which atoms with frequenciegset bys; from v, can
latter in a convergent manner, while those emanating fram tfill contribute to the gain at,.

more remote surface o§ propagate away from the symbiotic

star system in a divergent manner. The former beams would be ) . ) )

redshifted by 2.74 cnt from the system RV: the latter beam&tOMs in the solar wind. If the gain isfigiently high for laser
would be blueshifted from the RV by the same amount. It ission to occur on a narrow line spectrally gont§1|ned|W|_th _
likely that the highest Ly intensity in the whole symbiotict € centermost segment, the same_argumenﬂmphes thalt it Wi
star system would occur where the cone of converging dress&ti° P& high enoughfor laser emission to occur on a narr@w lin

atom laser beams originating from the surfacesfiearest the contained within an adjacent segment. Thus, one expects the
red giant intersects the surface of the latter Lya dressed-atom laser beam to have a spectral width that is or-

The contribution of Doppler broadeninyp to the Ly ders %f matﬂni;[udelgregjtertrza?]n, alr;dbverylikc;al)r/] as Large asal
transition linewidth of the solar wind atoms would appe nsiderable fraction alvp. [tshould be noted that the genera

to have far more serious consequences in reducing the L gument presented here _is _valid o_nly because the SHRS pro-
dressed-atom laser gain than theeet considered above. For ess thf_it p_roducgs the gain is nonlinear. Normal lasersreequ
example, if the Doppler broadening were 3 dpmthe criti- population inversions qnd are pu_mped by linear processes. F
cal lengthly, would be 8.6 x 18 cm, which is greater than these, '_[he optical ga}ln IS alway§ mverse]y proportionatg.

the separation between the two stars assumed in the model AN important point concerning possible dyiressed-atom

To attempt to circumvent this ficulty, we here propose thelaser operation in symbiotic stars is the following. In treddi

following idea. Consider a dressed-atom laser beam prmpa%quantum electronice(g. Fultonetal. 1995), itis known that
ing along a line determined by a solar wind ray, as outlined il | €an be observed in Doppler-reduced experiments as long

the preceding paragraph. Conceptually divide the enticithwi 25 the Rabi or Townes-Autler splitting is greater thanrérssd-
Avp into contiguous natural linewidth segments, (Fig. 9a). ual two-photon linewidtiAv,esp. The latter quantity is given by

Associated with the i'th segment is a hydrogen atom densff}e expression
nj,, with 3, ni, = ny. The centermost segment will again con- Avresp = |(k1 £ k2 )I7, 11)

~ - Av, T

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
vV,

o

I
tribute to the dressed-atom laser gain at the resonance fuerek; is the wave numben(/c) of the applied optical field
quencyvy, in the same manner as calculated befaore ith E;, which in the case of the symbiotic star model would be pos-
use of Eg. (9) and the parameter values earlier substitiggd) itive for a wave propagating away frorg, and negative for a
cept that the value ofy must now be taken to be roughly 100@vave propagating towards it. The negative sign in Eq. (11) ap
times smaller. Howeveeachsegment that isféset fromy, by  plies for V- andA-type systems, with the positive sign applying
6 can also contribute roughly an equal amount to the gainfat cascade-type systems. In Doppler reduced experiments,
vo through the somewhat asymmetrical SHRS process shasithe most probable thermal velocityk(®/my)/2, with m, the
in Fig. 9b. In this figure, an integration involving over the atomic mass. The frequencies of the transiticr8&F =1 and
whole Doppler width is implied. On the basis of this reasgninF=1<F'=1 in Fig. 6 are seen to be practically the same. Thus,
it follows that the Lyr dressed-atom-laser gain will not be enorfor a A-type Lya dressed-atom laser operating on these two
mously reduced via any existing Doppler broadening of the trlinsitions, and with the two laser beams co-propagatiomgal
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a solar wind ray, the residual two-photon linewidihesp T T T T T T
should be extremely small. One therefore deduces that d-cor 150 -
tion of EIT would be easily maintained as thed.laser beams

propagate away froms along paths coincident with solar wind

H

rays.

To the authors’ knowledge, no conclusive report exists - -
narrow-band Ly radiation ever having been detected in syrr
biotic stars. (The narrow-band kyemissions appearing in the
spectra shown in Sect. 2 are usually identifiedyascoronal 0.08
Lya emissions.) In view of the extensive amount ofdghoton L 4
elastic scattering that should be occurring in the far readt
the red giant solar wind cloud, and the likelihood that thespr
ence of some dust here might cause these photons to bec
absorbed before they are able tdfase out of the cloud, the 0.24

/\./\\
|

8

apparent absence of &yemission in symbiotic stars is per-
haps quite understandable. One thus should here inquire w
possibleobservablespectral features might conceivably be prc
duced by the presence of &kydressed-atom laser radiation ir
symbiotic stars. For the simple hydrogen model here bei
considered, a possibléfect to consider would be generatior
of Ha dressed-atom laser radiation in a three-leeakcade-

typescheme (Fig. 1). As explained, for example, in Sect. 4
S&G |, the presence of ly dressed-atom radiation generate -
in the manner discussed above would automatically eskabl
a condition of EIT on the K transition. However, from Sect.
3 of the present paper, one also sees that actual pumping

0. 27

normali1zed 1ntensity

a0
o
T

0.48

the dressed-atom ddlaser must occur via SHRS conversiot ol 0.93 B
of broadband incoherent light present in the spectral iticin 1 1 1 1 1 1

of this transition. There are two spatially separated nesgjiof -200 0 200

the symbiotic star whereddpumping possibly could occur. (1) velocity [km/sec]

The Hx transition could be pumped neyvia incoherent ) ) _ _
light emerging from the Stromgren sphere. An intense amoulng 10._ Ha line profiles at various RV phases in SY Mus. Reproduced
of such light is produced within the Stromgren sphere plasrfio™ Fi9- 5 of Schmutzt al. (1994).
by the same basigR and EIE mechanisms that generate co-
pious amounts of Ly light. The bandwidth of this H radia-
tion should ideally again be the Doppler width of H atoms at a
temperature corresponding 1@ of the plasma. In the presentthe Hy emission profile of the eclipsing s-type symbiotic star
case, the incoherentaHbandwidth would be about 1.1 ch  SY Muscae is shown as a function of orbital phase. Tlhe H
(2) At first glance, it also seems reasonable that thetidn- intensity is strongest auperior conjunctior{RV-phase 0.25),
sition could be pumped by visible continuum light emitted biye.when the white dwarf is in front of the red giant, with both
the red giant just outside the region of the latter’s surfhagis stars being in the line-of-sight. At this phase the spectisim
irradiated by the converging bydressed-atom laser beams. Itlominated by two relatively narrow components, whose peaks
is therefore instructive to compare the intensities oféht@g are separated by approximately 5¢mAt a velocity roughly
possible K pump sources. —100 knisec relative to the systemic rest frame, an additional
With regard to the first source, we assume the flux of incpeak of much smaller intensity is seen to be present. With
herent Hr photons crossings to be the same as the dflux  further advances in phase, thextémission equivalent width
generated vig/R, that is,c,o:jf:: 7.8 x 10° photons cm? sec!.  steadily decreases, until a value near zero is reachateaor
This is a power of 24 \n? distributed over a 1.1 cm band- conjunction(RV-phase 0.75),e. when the white dwarf is fully
width. To make an estimate of the second source, one needsdlipsed by the red giant. (No measurements at RV-phase 0.75
assume a value for the temperature of the red giant. Choosimg actually shown in Fig. 10. However, in Fig. 6 of Munari
T, = 3000K, one finds the red star continuum flux emitted gt1993) the kr equivalent width in another eclipsing symbi-
its surface in the spectral vicinity ofdto be roughly 3 x 1& otic star, EG And, is plotted for closely spaced phase change
photons cm? sec? per cnT?, which is seen to be negligiblethroughout the complete orbiting cycle. The equivalenttivid
compared to the intensity of the first source. again displays a maximum at superior conjunction, and a near
Hydrogen Balmer emissionis strongly seen in symbiotic zero minimum at inferior conjunction. The evolution of the H
stars, and its apparent intensity varies greatly with atiplhase spectral profile along the orbiting cycle of EG And, shown in
in those systems which are known to be eclipsing. For examgtég. 4 of Munari (1993), is generally similar to the one for SY
in Fig. 10 (reproduced from Fig. 5 of Schmwz al. (1994)) Mus shown in Fig. 10.)
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Schmutzet al. (1994) make no attempt to provide a connear the same Stromgren sphere surfacd#icathe red giant.
vincing explanation for the puzzling line profile variat®of One would thus have counter-propagatingland Hr dressed-
Ha shown in Fig. 10. At this stage, we are only able flepa atom laser beams in the vicinity of this surface. Paraddlyica
totally speculative and non-rigorous interpretation & #ame enough, although suchadHaser beams would be moving in the
data, the basis of this interpretation again being the hgsi$ direction of the solar wind, they would still be Doppldown-
that a significant part of the observed lemission might rep- shiftedby 0.5 cnt! from the system RV, due to the presence of
resent dressed-atom laser light. With regard tosghecifichy- the intense counter-propagatinga.jaser radiation that plays
drogen symbiotic star model we have here been studyings letlie dominantrole in “dressing” the hydrogen atoms. Thede re
first of all consider what one would expect to semdfdressed- shifted Hy laser beams would then pass without attenuation
atom laser light were present. All the observedligiht would through the Stromgren sphere and would thus in principle be
then have to be generated via eith® or EIE occurring within directly detectable at superior conjunction.
the Stromgren sphere plasma. In this case, one shouldvebser To understand other features of the spectra shown in
basically the same &lintensity during all phases of the orbitingFig. 10, one must consider some additional properties a
cycle where the view of the entire Stromgren sphere remairescade-type, dressed-atom laser would have. Referersce wa
unobstructed by the red giant. Assuming that the flow pattezarlier made to that part of Sect. 3 in which the absorption
of the 10 kmisec solar wind emanating radially outwards fromspectrum of a resonantly driven, three-level, cascade-dypm
the red giant remains the same within the Stromgren sphasegiscussed. In that section, it is explained that if theiRRab
the peak of the | emission at superior conjunction would apguencies of the two applied monochromatic beams are such
pear blueshifted by 10 kfsec from its position ajuadrature thatw] < ws, thenall linear absorption by the dressed atom
(RV-phases 0 and 0.5). (A symbiotic star is viewed at quadraccurs via an intense doublet whose components are symmet-
ture when the line-of-sight to the system makes an angleof 9@&ally offset fromw{ by (one-half) the generalized Rabi fre-
with its axis.) There would seem to be no simple explanatiguencyQ;. That is, in the spectral vicinity ofy, the atom
for an apparent 5 cm splitting at superior conjunction or atwould be totally non-absorbing. This was the basis of theesta
any other phase. It would also befdiult to account for the ment made earlier that gain for amttascade-type dressed-
considerable spectral width variations that occur withngfes atom laser can result only from the presence of pump light ex-
in orbital phaseg.g. the fact that the width of the redshiftedisting in the spectral vicinity of this transition. In CT&Rhe
peak roughly doubles in going from superior conjunction tituorescence spectrum of resonantly driven cascade-tgpesat
quadrature. is also considered. For the same ca$ex w; it is shown that

In attempting to interpret the data in Fig. 10 by postulatintpeintensityof each fluorescent component abayts reduced
the existence of W dressed-atom laser emission in the putgy the factor(u’l/wl)z. Thus, although kit fluorescent emission
hydrogen symbiotic star model, it is most natural to assurapparently has to accompany the propagation @fdressed-
that the splitting of the main peaks seen at superior cotipmc atom laser beams in our symbiotic star model, the amount of
represents the frequencyfidirence between andHaser beam such fluorescence generated would be greatly reduced if the
propagating away from the red giant along a solar wind rayya laser beam intensity were at every point in the symbi-
and one that propagates towards the cool star. For the adsupt& star very much greater than that of the co-propagating (
10 knysec solar wind velocity in the model, the splitting beeounter-propagating) &dlaser beam at the same point. We as-
tween the peaks should be about I-énThis would imply that sume this to be the case in the model.
the solar wind velocity in SY Mus must actually be about 50 Let us now consider what in principle should happen any-
km/sec. One can easily understand why the blueshifted pealisere just outside the Stromgren sphere surfgoghere He
strongly present at superior conjuction. This is becaudd@an dressed-atom laser light starts to become generated vi&SHR
laser beam originating at and propagating away from bothWhile its intensity is still very low, an H laser beam can prop-
rs and the red giant would have to be Doppler blueshifted froagate without being significantly attenuated along a soladw
the system RV by 0.5 cmd. We will shortly below propose an ray a certain distance away frors. However, as the laser in-
explanation for the much smaller blueshifted peak seen-at sensity increases to somewhat higher levels,diessed-atom
perior conjunction in Fig. 10 at -100 knysec. fluorescence will begin to occur, removing photons from the

The real dfficulty here is to account for the even strongdaser beam. This fluorescence would be isotropically ethitte
redshifted peak that is seen at superior conjunction. One ¢a all directions. In the rest frame of a dressed atom engjttin
of course logically assume that there would helblser beams such a fluorescent photon, the wavelength of the latter would
originating at the surface of the Stromgren sphere fadiegeéd be that of the laser beam driving the transition. However, as
giant and propagating towards the latter along the same-dirthe fluorescent photon leaves the atom where it is generated,
tions it was earlier conjectured that thedtiaser beams would its wavelength will be Doppler shifted from that of the driyi
follow. These would be Doppler downshifted from the systelhaser as a result of the relative motion of the atom with respe
RV by 0.5 cnt!, but would be undetectable at superior corte the symbiotic star rest frame. Thus, for example, theses
juction or at any other phase, since they would be interceptatom fluorescence which would be produced by the 0.5tem
by the red giant surface, if indeed they were able to progagatueshifted K dressed-atom laser beams that propagate away
that far {ide infra). It appears that the only possible way outrom the system in the model would theoretically be viewable
of this impasse is to assume that ressed-atom laser beamst superior conjunction as a separate small band theddé
that propagatewayfrom the red giant can also be generateiibnally blueshifted by 0.5 crmt from the already blueshifted
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Ha dressed-atom laser beams. This is our current interppatatbe enhanced only viafiiusional flow of photons from a region
of the small emission band seen=at100 knysec at superior of higher photon density. By contrast, in the process by twhic
conjunction phase in SY Mus. the density of dressed-atom fluorescent photons could poten
There is an inherent left-right asymmetry in the nonlirtially become enhanced, the photons are initially transgatio
ear model here being proposed which can possibly accountttoe region where the enhancement occurs via the dressed-ato
the following prominent feature of Fig. 10. In this figurejdt laser beam. We have not performed any real calculations that
seen that at quadrature the redshifted emission is coasilyer would indicate the expected magnitude of such éfessed-
stronger than the blueshifted emission. According to thdeho atom fluorescence trapping in the pure hydrogen symbigtic st
all emission seen at quadrature must represent dressed-atwdel. Nonetheless, we here end our discussion of this model
fluorescence. This is because the propagation directioalf ofby qualitatively outlining a likely steady-state scenddothis
Ha laser beams which potentially can be viewed directly woukdfect.
be confined within a cone which just subtends the Stromgren Just outside the surface of that faces the red giant,
sphere and whose vertex is at the center of the red giant, Tmeslshifted K laser beams both co-propagate and counter-
for example, it is consistent with the model that in the topcsp propagate along the directions of redshiftedrllgser beams.
trum of Fig. 10 the red emission peaks at roughly the sarfleis assumed that there are no blueshifted Ugser beams
wavelength that it does in the second and third spectra fh@m present in this region of the symbiotic star.) The co-prajiag
top. In each of the latter two spectra, the redshiftedétnis- Ha laser beams eventually terminate in a relatively high den-
sion largely represents laser emission. In the top specirunsity cloud of Hr fluorescent photons localized both within the
represents hl dressed-atom fluorescence, which, as will be eituncated cone of Ly laser radiation and relatively close to the
plained shortly, should mostly originate in a region thakis- red giant surface. The co-propagating thser beams never
tively close to the area on the red giant surface that isistad reach the latter. A large fraction of thexHluorescent photons
by the converging rays of lyydressed-atom laser radiation. Aescape from the cloud and are seen, for example, as the red-
quadrature, this fluorescence would be observed to haveka pgaifted emission at quadrature. The linewidth of this eioiss
coincident with that of all 4 laser radiation propagating in thisrepresents the Doppler widttvp of H atoms in the solar wind.
region. It would not be subject to additional Doppler reétshi Those Hr fluorescent photons in the cloud that do not escape
ing or blueshifting by the motion of the solar wind, since thare absorbed via SHRS pumping of counter-propagatiag H
latter occurs primarily at right angles to the line-of-digh laser beams. The latter escape the system by passing through
The reason why more redshifted than blueshifted light ke Stromgren sphere and are seen at superior conjunction.
seen at quadrature has to do with the left-right asymmetry in In trying to make ara priori determination of the salient
the model. As the diverging blueshiftedrHiaser beams prop- photonic properties of a pure hydrogen symbiotic star, weha
agate away fromns, they become less intense, and so theren®t attempted to vary any parameters. Had the red giant solar
less dressed-atom fluorescence that is produced. Howbkeerwind velocity, for example, been chosen to be five times great
intensities of redshifted &llaser beams propagating away fronfwhich would have allowed a more realistic comparison with
rs towards the red giant are increased by the fact that thésg. 10), the size of the Stromgren sphere would have become
beams, following the Ly laser paths, would tend to convergenuch larger, and the left-right asymmetry in the model would
upon the red giant surface. However, as explained abow, thé@ve correspondingly increased. The latter in turn woulctha
would greatly increase the production rate of dressed-8tem produced a larger ratio of redshifted to blueshifted initéessin
orescence. Some of the fluorescent photons created wouldhgemodel. It should also be noted that the postulated existe
reabsorbed almost “on the spot” via SHRS-induced intemsifiof Hao cascade-type dressed-atom laser beams in our symbiotic
tion of Ha laser beams propagating in one or both directions gtar model actually involves faur-levelatomic scheme (one
the same spatial region where the photons are produced. THis frequency, two Ly frequencies), and therefore, strictly
laser beam intensification would in turn lead to more dressegpeaking, may not allow analysis to be made on the basis of the
atom fluorescence being produced, and so on. The above #teal three-level-atom cascade scheme discussed in S¥é. 3
nario somewhat hints that the density o& Huorescent pho- have really included the basically simple material of thesgint
tons emitted by dressed atoms might become significantly eection mostly to illustrate that the concept of a dressedia
hanced in a region that is not too far from the red giant vialaser existing in a symbiotic star cannot automatically tse d
form of photon trapping that superficially resembles thaithvh missed simply on the basis of a widespread belief that esti-
is involved in the classical study of redistribution, in égnd mates of nonlinearly induced optical gain in these spaceatdj
frequency, of photons scattered between bound atomicsstateould necessarily always yield values that fall far shomvbat
In the case of dressed-atom fluorescence, the photonsareateuld be required for such laser action to occur.
are always produced with a Doppler frequency distributit t The reader is here reminded that in the astron-
is centered at the wavelength of the dressed-atom lasénglrivomy/astrophysics literature one particular nonlinear optical
the system. This would thus best correspond to the approsgattering process often postulated to occur near bright space
mation ofcomplete redistributiothat is often made in classi- objects. This is stimulated (or induced) Compton scatterin
cal studies of scattering by two-level atoms. However,ahgr (SCS). Although the unit scattering event in SCS is simply
one apparent dierence that would exist between the photorthe well known &ect of Compton scattering by an electron,
density-enhancing mechanisms in each case. In elastiesscatt is widely assumed that the rate of occurrence of such svent
ing by two-level atoms, the photon density in a given regiam c becomes enormously enhanced when the scattering ceases to
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be purely linear and becomes stimulated. Thus, for example, We now focus specifically on the C IV doublet. In Fig. 3
Eq.(1) of Wilson (1982) expresses the probabilityper unit of Hayes and Nussbaumer (1986), the ionization fractions fo
time of scattering a photon from a state with wavevektéo C are plotted as a function of distance from the inner radius

another state with wavevectkr as: of a planetary nebula ionized by a hot star of temperatute T
1 200,000K. From this figure one immediately sees that, even
p=n(l+ny) {—r§ (1 + cog ¢)5(w1 —w+ Aw)} with a hot star temperature twice that assumed in the model
2 of Sect. 2.1no carbon ions more highly ionized than C V can
" {C“& d3k } (12) be produced. The C V ion density is totally dominant within a
w? (2n)3 )" spherical shell extending fromto roughly half the distance to

the H H Il interface. In the outer half of the ionized shell, the
In this equation, the first two factors give the dependende®f ¢ |v ion density is dominant. The C )€ V interface appears
scattering rate on the radiation intensities. The probgmf comparatively sharp. In incorporating the ionization fiaes
destroying a photon in the initial state is proportionahtdhe gisplayed in Fig. 3 of Hayes and Nussbaumer (1986) into the
photon occupation number of that state, while the probgbilisympiotic star model of Sect. 2.1, we will assume the @IV
of creating a photon in the new state is proportional te (1), interface to occur in the latter at roughly one-tenth therbyd
with ny the occupation number in the new state. Compton scgkn Stromgren sphere radius since a cooler radiation source
tering is a two-photon process, and the rate of power tramsfeimplies a smaller C V region. At all radial distances lessitha
SCS from the primary beam to the secondary beam is prop@fat of the C IVC V interface, C V ions would be constantly
tional to the intensity product of the two beams. Hyper-Ramaecombining with electrons, producing light at the C IV dou-
scattering is a three-photon process, and the rate of poaves-t pet transitions. However, the total C IV photon generatite
fer in SHRS from the two primary beamse( the continuum regylting from C V recombinations cannot exceed the rate at
beams) to the secondary beam is proportional to the infensifhich the hot star emits C IV-ionizing photons, which for the
product of all three beams. parameters assumed in the model is roughly only two percent

of the rate at which the same star emits H-atom-ionizing pho-
2.2. Could dressed-atom laser emission also occur on  tons. Thusin Eq. (9), the value of the prodogt alone would

the C IV. N V. or O VI EUV doublet transitions in be smaller in the case of C IV ions than _the value estimated in

Sect. 2.1 for H atoms by an amount that is at least equal to (3.3
x 1074 x (0.02¥ x (100¥ ~ 1.3 x 103, This by itself would
For the pure hydrogen symbiotic star model of Sect. 2.1, & waeem to rule out the possibility that dressed-atom lases-emi
shown that a dticiently high rate of pumping for Ly dressed- sion could occur on the C IV, NV, or O VI FUV doublet tran-
atom laser emission to occur could theoretically be acllievsitions in symbiotic stars in a scheme that is exactly aralsg
via SHRS conversion of incoherentdyight emerging from to the one that was shown in Sect. 2.1 to be highly favorable
the Stromgren sphere. In order to examine whether dresskuiHasing on the H-atom Ly transition.
atom laser emission could in principle also occur in synmibiot  Let us now consider the rate at which C IV ions would
stars on the C IV, NV, or O VI FUV doublet transitions, onde excited to produce photons at the doublet transitions as
needs to have an approximate idea of how the nebular steuctarresult of EIE. For simplicity, we now assume C IV to be
of the pure hydrogen symbiotic star model of Sect. 2.1 wouile dominant carbon species throughout the entire hydrogen
be changed by allowing all other elements to be present in thgomgren sphere. Then the total rafglS at which elec-
red giant solar wind at densities corresponding to their casons located throughout the entire volume of the hydrogen
mic abundance ratios. This would imply, for example, that ttStromgren sphere produce photons at the C IV doublet tran-
carbon atom (or ion, depending upon distance to the hot stsitjons through collisions with C IV ions existing in the ptaa
number density is everywhese3.3 x 104 times that for the H is approximately given by the following expression:
atoms (H ions). A number of such ionization structure calcula-
tions were performed several years ago, when models fof plan EIE 47”2 th _CIV
etary nebulae were being developeg(Fig. 2.6 of Osterbrock beiv = ( J MHYe T " Nciv, (13)
1974; Figs. 3-5 of Hayes and Nussbaumer 1986). In a typi-
cal model for a planetary nebula, a centrally located bladgb wherenc)y ~ (3.3x 10%) x (1.2 x 139 ~ 4 x 1¢f cm2 is the
radiation source with properties closely resembling thafse  C IV density everywhere within the Stromgren spherg!’
white dwarf in a symbiotic star system is assumed to be tlsethe cross-section for electron impact excitation of C d\d
ionizing source of a radiation bounded nebular shell of taots to the 2o 2P1/2,3/2 states, and the other quantities are the same
hydrogen density n(H} n(H II) + n(H 1). Such models have anas in Eq. (7). We again approximate the value-ft by 7a2.
inner radiug; —i.e. a region of empty space is assumed to exi$he net result is that 5.3 x 10C IV photons are generated
between the radiating source and the surrounding nebuédr stper second by EIE throughout the whole hydrogen Stromgren
By contrast, in a symbiotic star the nebula which surrouhds tsphere. Thus the flux of C IV photons crossiads about 6.3 x
hot star is contiguous with the latter. Despite thigetience, we 10°° cm 2 sec!, representing an optical power of 8098N.
will here assume that results obtained for the ionizatiomcst Interestingly enough, the optical power of this incoher@hv
tures of planetary nebulae can also be utilized in the aizadys line radiation is seen to be about six times greater thanahat
symbiotic stars. the incoherent Ly radiation escaping the Stromgren sphere as

symbiotic stars?
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calculated in Sect. 2.1. This suggests that it is probabligttwois 1,(r) = 809 /rs) W/cn?. Then, in propagating a distance
estimating if enough optical gain exists for C IV dressemdvat rs outwards from the hot star, the C IV laser beam intensity
laser emission to occur in a path lengthrs lying wholly  should be amplified by an amougit, where
within the Stromgren sphere. The pumping process would her
a0ai ; o - i B g ncwwcw(809)2 f 2
gain be SHRS, with the pump light itself being the C IV fluo 2 =35x10°) —————— (r/rs)<dr. (14)
rescence generated by EIEg the quantity whose total rate of HWo(136)
generation within the Stromgren sphere was calculatedeab&quation (14) follows from a comparison with thed.yaser
in Eq. (13). As was the case in Sect. 2.1, it is here perhagsin calculated in Sect. 2.1 via Eq. (9). The values of the pa-
conceptually easiest first to assume that the laser lightdvowametersA, T', andu are here taken to be the same as in the
originate near the hot star and would then become amplifiegr case. The net result is that= 8.7, so that the C IV laser
while propagating outwards along the Stromgren spherié ratbteam intensity would theoretically be amplified 6,090 tirimes
Later, just as was eventually done in Sect. 2.1, one might ptopagating radially outwards from the hot star a lengthaéqu
tempt to refine the model by considering what would be thers. Although the calculated laser gain in the case of C IV is
most favored laser beam propagation paths. Such an analpsisas high as that for Ly (mainly because of the fierence
will be given below. First, however, it is of interest to coanp in densities), we assume that it isfcient for dressed-atom
the 809 Wen? figure for the C IV fluorescence intensity atC IV laser emission to occur in the symbiotic star here being
the Stromgren sphere surface deduced abowegriori fash- modeled.
ion with estimates of the same quantity that can be made via However, just as was done in Sect. 2.1, one should now
examination of spectra such as the one shown in Fig. 2. consider what would be the most favored propagation direc-
When one views the spectrum of Fig. 2 at high amplifigions for C IV lasing. It seems intuitively obvious that tees
gain, one sees that the average intensity of the backgraamd again should coincide with the rays along which the red giant
tinuum emitted by the hot star between 1500 A and 1600 A thealar wind propagates. One would again expect there to be C
was recorded at the position of the detector is about 2%2101V laser beams propagating along these rays in two direstion
ergs cm? sect A-1. One can roughly estimate what the acdowards and away from the red giant. The former would again
tual continuum intensity should be at a distamge= 8.16 x converge to a spot on the red giant, being attenuated only via
10'2 cm from the hot star as follows. The hot star in Fig. 2 iRayleigh scattering by the H atoms in the solar wixidi¢ in-
the white dwarf in RR Tel, which has been recently estimatdich). The latter would propagate away from the symbiotic star
(see Nussbaumer and Dunn 1997) to have a temperatare $ystem in a divergent pattern determined by the cone of so-
140,000K and a radiusk, = 0.105R,. Therefore, at the hot lar wind rays in which the laser emission occurs. The dressed
star surface, and in the spectral vicinity of 1550 A, the emiatom laser beams propagating towards the red giant would be
ted continuum intensity should be about 4.55 x11d€rgs cm®>  Doppler downshifted by the solar wind velocity. Those prop-
sectA-1. At a distances from the hot star, the correspondingagating in the other direction would be Doppler upshifted an
intensity would be 3.65 x Foergs cm? sec' AL, It thus fol- equal amount. The cone defined by the C IV laser beams should
lows that the intensities shown in Fig. 2 must be multipligd hhe much narrower than in the &ycase. This results from the
roughly 1.82 x 1&° to get the values that would correspond téact that the C IV laser gain should be much higher for propa-
the intensities present at a distangefrom the hot star. From gation directions that pass close to the hot star. For ex@rapl
Fig. 2 one would thus infer, for example, that at a distance C IV laser beam that just grazes the white dwarf would theo-
from the hot star, the intensity of the 1548-A C IV doublet conretically be amplified by an amount equal to (6,090) x (6,090)
ponent would be about 11.4@m?, which is roughly 70 times ~ 37 x 1@ in traversing from one side of the Stromgren sphere
less than the 809 W7 value calculated earlier as the C IV in4o the other, according to the calculation given above. @n th
tensity crossings that theoretically results from EIE alone. Inother hand, a laser beam propagating in a direction that sreake
principle, there could be many possible reasons for thigeis tangent to the Stromgren sphere surface would experieroe z
ancy. For example, via the linear absorption and scattgriog optical gain. In the case of the kylaser beams discussed in
cesses responsible for interstellar reddening, roughliytha Sect. 2.1, there would be very littleftBrence in gain in these
light emitted from RR Tel in the vicinity of 1550 A would betwo directions.
undetectable from our solar system, since the valuesof Eo- Associated with the above scenario are some potentially se-
wards the former object is known to be about 0.08 (Joedah rious conceptual diiculties, ones which we are unable to re-
1994). Also, in the continuing discussion of C IV dressealvat solve satisfactorily at the present time. The two C IV drdsse
laser emission to be given below, a specific reason is sugfjesttom laser beams.é. one for each of théPg/z,l/z & 281/2
for the C IV emission intensity in a symbiotic star viewed adoublet components) which propagate away from the red giant
quadrature being notably less than when the system is vievadang a given solar wind ray are assumed to have roughly the
at superior conjunction. The orbiting plane of RR Tel is kmowsame intensities within the Stromgren sphere as the twe<cor
to be close to the plane of the sky. Therefore, this objedtis aponding beams which propagate towards the red giant. Since
ways viewed at quadrature. the frequencies of the former beams are Doppler upshifted by
Let us now roughly estimate what would be the optical gathe solar wind velocity, while those of the latter are Dopple
for a C IV dressed-atom laser beam propagating a distancedownshifted an equal amount, what actually would here con-
outwards from the hot star along a Stromgren sphere radisttute the “dressed-atom” frequencies remains uncléaces
We assume that the available SHRS pump power at radiuthe latter would depend upon which propagation directios on
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is considering. In principle, one can try to circumvent ttils  lated to be the intensity at resulting from EIE. However, if
ficulty by conceptually dividing the total C IV ion populatio dressed-atom laser emission were present, it is likelyitttae
into two separate categories — one category comprisingtheslume of the Stromgren sphere that is occupied by the trun-
ions that strongly interact resonantly with dressed-atasel cated cone of dressed-atom laser radiation, a large pahneof t
beams propagating in one direction, the other comprising ioEIE-produced fluorescence would be converted into dressed-
that are resonant with beams propagating in the reverse atom laser radiation and would be transported out of the sys-
rection. Such a seemingly artificial division of the C IV iortem. At quadrature, one would then mostly see EIE-generated
population into two separate categories is at least camtistfluorescence which is produced outside the volume through
with the tenuous nature of the solar wind cloud assumed in tivbich the laser beams pass.
model, which makes the collisional rate of C IV ions — even There is one particular striking spectrum that can be given a
with protons and electrons - small compared to the ratesrehsonable interpretation if a scenario analogous to ta@oe
photonic processes. Another problem with the C IV dressesknted above for C IV dressed-atom laser emission is assumed
atom-laser scenario of the present section is that it ir®bs to hold when strong emission occurs in symbiotic stars on the
V-type system, which in general allows dressed-atom fluoreD32 A, 1038 A doublet of O VI ions. It is well known (see,
cence to occur (Sect. 3). In this connection, it should bechotfor example, Schmiet al. 1999) that the presence of such O
that Narduccet al. (1990) have madexactcalculations of the VI FUV doublet emission in symbiotic stars produces strong
spontaneous emission and absorption properties of a dviveremission bands at 6825 A and at- 7085 A via spontaneous
type three-level system, and have shown that under cextain cRaman scattering by H atoms in the red giant solar wind. A
ditions, depending upon the relative Rabi frequencies ef thecent visible spectrum of RR Tel that includes these emis-
two driving laser beams, it is possible to reduce grehtith sions is shown in Fig. 11. By assuming a solar wind velocity
the linewidth and integrated intensity of the (five) fluomsic of 60 knysec, one calculates that in RR Tel there should be
components surrounding each doublet transition. We are pnesent a Raman emission band whose peak as seen from the
aware how one should transfer results of these calculatmnsvicinity of the Sun would occur at 6822 A. This band would
the complex situation represented by the C IV laser scenaitie produced by the interaction of the outgoing. (upshifted)
Relevant also to this problem of C IV dressed-atom fluores:oz2 O VI dressed-atom-laser beams with solar wind H atoms
cence is the fect that was considered in the discussion af Hpresent in the vicinity of that portion of the Stromgren sgh
dressed-atom laser emission in Sect. 2.1, namely, thatfkuchsurface that is most remote from the red giant. In calcujatin
orescence should in principle be partly recyclable via SHRBe above Raman wavelength, we used the generally accepted
re-pumping of the dressed-atom laser beams. —62 knysec value for the RR Tel-Sun relative velocity. For the

In the above scenario, the C IV dressed-atom laser radalue ofvigsp, we used 96,907.5 cth (Moore 1971). With the
ation pattern forms a narrow cone whose axis is that of tesame 60 kn'sec solar wind velocity, one calculates that there
symbiotic star and whose vertex is at the center of the red ghould also be a Raman band whose wavelength seen from the
ant. According to this model, maximum C IV doublet radiatioGun would be at 6825 A. This would be produced by down-
should be detected at superior conjunction in eclipsingldymshifted O VI dressed-atom laser beams propagating towards
otic stars. At this phase, most of the doublet emission shodlhe red giant surface and interacting with solar wind H atoms
appear blueshifted, unlike the case of the émission shown present near the Stromgren sphere surface closest todtlgé re
in Fig. 10 where the strongest component is redshifted. Foaat. However, in some cases there would also be a third source
symbiotic star with parameters roughly the same as those asRaman emission. This would be the Raman scattering of
sumed for the model in Sect. 2.1, one would expect a relgtivéhe downshifted O VI dressed-atom laser beams that occurs as
narrow cone of laser radiation to be produced. On the otlthese beams converge upon a spot on the red giant suiface -
hand, if the parametet in Eq. (4) were larger, so that the ion-this would be Raman scattering by atoms present inptie
ized hydrogen nebular region were more like the one showosphereof the latter. The peak wavelength for this emission
in the middle panel of Fig. 5, for example, the vertex anglehen viewed from the Sun would be6832 A. On the basis
of the C IV doublet emission radiation cone would be muabf these three calculated wavelengths, one can roughlyuatco
larger. All this indicates that it would be of enormous beriafi for the shape of tha”6825’ band in Fig. 11. However, with
evaluating this and other models to have available undatiirathe parameters that were chosen for the pure hydrogen symbi-
high signal-to-noise, spectral data showing exactly hasGh otic star model in Sect. 2.1, one should theoretically beblena
IV emission doublet varies with phase in an eclipsing symiiis observe Raman emission arising from photospheric seatte
otic star such as SY Muscae. In essence, it would be desirablg in the red giant. This is because the Raman and Rayleigh
to have access to C IV spectral data which would be the equivess-sections for excitation by light at 1032 A are (Lee &Le
alent of the K data shown in Fig. 10. 1997) 0ran(1032)= 7.5071, 0Ray(1032)= 3401, whereor =

It was mentioned earlier in the present section that, aecofd6 x 10°2° cn? is the Thomson scattering cross-section. In the
ing to the C IV doublet emission model here being proposetdpdel of Sect. 2.1, the dressed-atom laser light would there
less intensity should be seen at quadrature than at supefioe be attenuated by roughly a million times in propagating
conjunction. At quadrature, one is only able to detect flasorefrom the Stromgren sphere surface nearest the red giaheto t
cence. If dressed-atom laser emission were completelynabdatter. On the other hand, if the hydrogen atom density in the
in the model symbiotic star system, then the fluorescenae seelar wind were, for example, 16m~3, almost 99 percent of
at quadrature would correspond to the 80&W value calcu- the laser beam intensity would reach the red giant. This evoul
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Fig. 11. RR Tel and CD-4314304 high resolution spectra recorded near the broad Racadiered O VI lines a¢ 6825 A and~ 7082 A. The
strong, narrow emission lines are due to [ArA7005 and He h7065. Reproduced from Fig. 9 of Schn@tlal. (1999).

imply that the hydrogen density in RR Tel must be much less
than that which was assumed in the model of Sect. 2.1.

Thus far in Sect. 2, it has been assumed that the nonlin-
ear photonic process SHRS is the basic physical mechanism by  5ox10"
which photons at the dressed-atom laser frequencies are gen
erated in symbiotic stars, with the pump power being narrow- =
band fluorescence produced via eithd® br EIE. For three
main reasons, a coherently phased, dressed-atom gas is th
ideal “acceptor” for photons “donated” via the SHRS process & sox0" | g
(1) The dressed-atom gas allows all photons added to the Iase§
beams via SHRS to propagate freely through space without at-
tenuation (EIT). (2) The structure of the dressed-atom gias a
lows the SHRS pumping process to continue without reduced
efficiency as the laser intensity level is increasesl, it pre- 00 ettt L e
vents saturation of the pumping process from occurring. (3) Wavelength (A)
Although SHRS can onlyféciently convert incoherent pump
light into coherent dressed-atom laser light when the feequ
cies of the former and the latter are very close together, thig.12. GHRS spectrum of EG And. Data set:
strong fluorescence that results frofR lor EIE is spectrally Z27E0306T  downloaded  from  the MAST  Scrapbook
distributed in an optimal manner to allow this conversionge (Nttp¥/archive stsci.edacrapbook.html
cur. All these &ects only increase the likelihood that dressed-
atom lasers are actually present in symbiotic stars. Theethr

apove stqtements also have interesting implications &pas- featuresis EG And (Fig. 12). At higher amplifier gain (Fig),13
sible realization of a laboratory dressed-atom laser thoatlav . : : . .
one sees that in this particular system there is also a pair of

operate on almost exactly the same principles as thoserigrmi : L o .
the basis for dressed-atom laser emission on FUV doubtet trg - o* redshifted absorption lines. In addition, the biutted

sitions in symbiotic stars in the hypothesized scenaribtiba absorption bands appear to possess a distinct two-componen
here been presented. structure. ) , )
Vogel (1993) was the first to propose an interpretation for
the absorption structure that could be seen around the C IV
2.3. Stimulated radiation pressure scattering (SRPS): doublet in EG And spectra that were taken much earlier with
a nonlinear photonic process that could possibly IUE. He suggested that the blueshifted absorption bands rep-
be occurring in some symbiotic stars resent what are known as P Cygni profiles, and he therefore
concluded that the hot white dwarf in EG And loses material
In afewsymbiotic stars, it has been observed that, around edblough its own fast, separate, solar wind. A similar cosidn
component of the C IV (sometimes also N V) emission dowas reached by Nussbaungtmal. (1995) for the symbiotic star
blet, there occurs almost total absorption of the backgiouAG Peg, again on the basis of blueshifted absorption bands ap
continuum level in a comparatively narrow spectral reglmatt pearing adjacent to FUV doublet emission lines. In the cése o
is blueshifted from the associated resonance line by a sm&B Peg, the blueshifted absorption structure occurredratou
amount. A good example of a symbiotic star possessing subk N V doublet.

6.0x10™" | e
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P Cygni profiles of select ion resonanceg(C IV 111548,
1551; Si IVA11394, 1403; Al 1112111855, 1863) are often the
dominant features in the FUV spectra of O-type (Walbetral. [T T
1985) and B-type (Walborst al. 1985) stars. From Doppler-
shift-based analyses of such profiles, astronomers haseeaf 6.0x10™ |
that the corresponding ions are strongly accelerated Ihadia
away from the stars, reaching in some cases terminal veloci-
ties on the order of 1000 kfsec. As noted in Cassinelli (1979),
current stellar wind theories fall into three broad classadia-
tive models, coronal models, and hybrid models. In radiativ
models, transfer of photon momentum to the gasis assumedto oo™ |
occur through the opacity of the many strong FUV resonance
lines that are present. Increased acceleration is believest
sult from the progressive Doppler shifting of the line opaci 0.0 . s . . s . .
into the unattenuated photospheric radiation field. Thiaste 1540 1542 1544 1546 1548 1550 1562 1554
wind in existing radiative models is thus assumed to be drive Wavelength (A)
by a purelylinear effect, commonly known asadiation pres-
sure Fig. 13. Higher gain version of spectrum shown in Fig. 12.
In a textbook description of an ideal P Cygni profile, the
star's continuum light in a spectral region that is bluesif
with respect to the atom or ion resonance line is heavily ab550.68 A. Therefore, the terminal radial velocity of the\C |
sorbed. In a classic P Cygni profile, there also arises altmve ions should be- 73.5 knmjsec.
continuum level an emission peak which is roughly centeted a Let us now consider the blueshifted absorptions appear-
the resonance line, but extends somewhat to both shorter &gdin Fig. 13. From this figure one sees that maximum ab-
longer wavelengths from it. According to the standard mpdelorption of the most blueshifted of the two distinctly sejpar
the blueshifted absorption feature represents ffeceof lin- components that together comprise the entire blueshited r
ear absorption by accelerated ions moving towards us in igien of absorption associated with thB;, & 2S;; transi-
line-of-sight. The broadened emission peak representasahetion occurs approximately at 1549.5 A. In the standard P Cygn
fluorescence the viewer would see arising from electrolyicamodel, this wavelength should correspond to Doppler shifte
excited, accelerated ions moving in all directions awaynfroabsorption by fully accelerated C IV ions moving towards us.
the star. In applying the standard P Cygni model to explan thlowever, the deduced terminal radial velocity of the C IVdon
profile seen in Fig. 13, one would naturally assume that the fig here 154.9 kitsec, which is slightly more than twice the
orescence of the accelerated C IV ions occurs as a resulEof Blalue deduced in the previous paragraph. Interestinglygimo
This would imply, for example, thatomeof the background if one were to assume that the other component which con-
emission seen in the immediate vicinity of the two sharp rettibutes to the blueshifted absorption region associaitttthe
shifted absorption lines in Fig. 13 might represent ElEdicet] 2P, < 2S;,, transition corresponds to the Doppler shifted
fluorescence ofully acceleratedC IV ions traveling directly absorption of fully accelerated C IV ions, then one would cal
away from us. In symbiotic stars, one should easily be aldelate a terminal velocity consistent with the value olxdin
to see such fluorescence, because the white dwarf radiusasier. The above mentioned other component maximally ab-
so small. In O- and B-type stars possessing P Cygni profilesybs around 1549.9 A, which would correspond to a terminal
such fluorescence would tend to be blocked from an observé?’dV velocity of ~ 77 km/sec. Thus a serious inconsistency
view by the star itself. For definiteness, we here now assuimgpears when one tries to interpret the blueshifted aliearpt
that some of the emission intensity occurring in the immediomponents seen in Figs. 12 and 13 on the basis of a standard P
ate vicinity of the two sharp redshifted absorptions in Bi§. Cygni model. In what follows, we shall attempt to resolvesthi
represents EIE-induced fluorescence of fully acceleratéd Cdiscrepancy.
ions moving directly away from us. The ions emitting this luo A model will now be proposed in which@onlinear pho-
rescence would all be located on the “other side” of the faot stomechanism both accelerates C IV ions present in the vicin-
from us. In principle, they could be as far away from the hdty of the hot star and produces the most blueshifted of ttee tw
star as the Stromgren radius It then seems logical to assumecomponents that comprise each blueshifted region of sebng
that thetwo redshifted absorption lines themselves must resatirption in Fig. 13. In this model, the redshifted comporw#nt
from linear absorption of EIE-induced fluorescence originaeach blueshifted region of absorption results from lindar a
ing in the hot star hemisphere farthest from us by fully aecel sorption by the accelerated ions, as do also the two sharp ab-
ated C IV ions moving away from us in the same hemisphegerption lines appearing on the red wings of the doublet-emis
On the basis of this hypothesis, one should be able to dedsim lines. The exact way in which the latter features anmést
directly from Fig. 13 the value of the terminal radial vekyci was discussed in detail earlier. In this model, the C IV idrad t
attained by the accelerated C IV ions in EG And. The peak bécome accelerated must satisfy two requirements. (1) They
the?Py,, & 2S;,, emission in Figs. 12 and 13 occurs at abouhust be positioned relatively close to the hot white dwa}. (
1550.3 A. The associated redshifted absorption occursoattabThey must have initial radial velocities with respect towtete
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dwarf that are> 0. C IV ions in the red giant solar wind thatradial velocities and propagating radially inwards tovgattie

satisfy these two requirements all have the potential totmec hot star, experiencing amplification via the nonlinear tecat

acceleratedl'here is no need to assume a separate white dwarfy process becoming stimulated. In order for the wave,at

solar wind in the modeln the model, the C IV ion accelerationto experience optical gain, its frequency must remain rgugh

occurs in radial directions away from the white dwarf. constant as it propagates inwardly towards the hot startheor
One important feature of the nonlinear photomechanigthlV system, there would actually be twe beams, one for

to be outlined below is that it would possess a definite puregch doublet transition. It then seems most logical thavihe

power threshold. Only those ion species in a symbiotic ghr n values would be the actual C IV doublet frequencies. We will

ula for which this threshold is reached would be accelerayed assume this to be the case.

the mechanism, and would therefore contain in their spdotra  The rate of stimulated scattering events occurring per unit

strong blueshifted absorption features seen in EG And. & weolume at any distance from the hot star will be equal

noted above that relatively few symbiotic stars possessethéo o(r)@2(r)¢1(r)nion(r), whereo(r) is the resonant nonlinear

features. They are completely absent in RR Tel, for examplescattering cross-section (units tsec) and where(r) is the
The proposed new photomechanism is a stimulated sazantinuum flux (photons cm sec?) effective in pumping the

tering process, somewhat analogous to stimulated vilmaltiostimulated scattering process at the distancé ¢.(r) were

or rotational Raman scattering, yettdrent in that it involves entirely due to blackbody continuum radiation emitted by th

translationalmotion of the scattering particles. Consider a phdwot star, one would hawg;(r) = K/r?, where K is a constant.

ton (frequency;, wavelengthl;) from the hot star’s contin- The flux ¢,(r) in the beam(s) at, should grow rapidly with

uum interacting with a C IV ion moving with a velocity whosedecreasing distangeaccording to the equation

radial component away from the white dwarfisAssume that dea(r)

there is also present a light wave (frequengywavelengthl,) et A DA o (N@2(r)g1(r)nion(r). (18)

propagating in the opposite directidre. towards the hot star. dr

If the intensityl, of the light wave at, is suficiently great, In this model, it is assumed that a steady state situatiotishol

there will exist a definite probability for the following nim- everywhere in the symbiotic star nebula. Thus, for example,

ear scattering eventto occur. The photomatill be absorbed, the quantitynien(r) is the density of C IV ions at distanae

a photon at, will be added to the, beam, and the radial ve-that have been accelerated to the veloefty. Not included in

locity of the C IV ion will be increased te+ Av, with all three nipn(r) are those C IV ions in the red giant solar wind that have

events occurringimultaneously. not been accelerated by the nonlinear scattering process.
The equations for conservation of both momentum and en- From Egs. (15) and (16), one has

ergy are easily written down for the proposed scattering pro

_hhi—v2)  c(vi—v2)

cess. For the former, one has: ~ ~ 19
h h Mion(Av) 2y (19)
yr Mion(AV), (15) This equation appears to remove the confusion alluded to ear

lier related to the presence of two separate componentein ea
wheremp, is the mass of the C IV ion. The equation for conpjyeshifted region of absorption in Fig. 13. The absorption
servation of energy is: band having the greater frequencfiset from the resonance
line is entirely due to the nonlinear process. However, E§) (
(16) . ; :
shows that the terminal velocity value deduced by applying
The functionsv(r), vo(r), andv(r) must all vary withr, the standard Doppler analysis to this band must be divided by 2
distance from the white dwarf, in such a manner that Egs. (liB)order to get the correct value.
and (16) are satisfied for all values mfeven when the above = Computer calculations should show exactly how the quan-

hvy ~ hvy + MenV(AV).

scattering process beconssnulated (vide infra). titities v(r) andg¢,(r) depend upon. In performing such a cal-
From Eqg. (15), one has that: culation, one would consider both Eg. (18) and the following
ohy equation, which represents the acceleration of the C IV@as
Av ~ . (17) the stimulated scattering process:
CMon
Equation (17) states that the velocity increaseoccurring in VU)% = o(r)p1(r)pa(r)Av. (20)

each scattering event is always the same, thatids not a
function ofr. It depends only on the properties of the ion beAdditionally, there would have to be an equation of contiyui
ing accelerated. For the C IV ion, one has that~ 43 cmysec. relating the quantity Ar2nion(r)v(r) to that fraction of the C IV
Although each nonlinear scattering event results only irod-m red giant solar wind that becomes scattered via the nomlinea
est velocity increase for the ion being accelerated, three ofit process here described. Only C IV ions moving in directions
occurrence of such events will be very large in those regidnsthat pass close to the hot star could be so scattered. The eas-
the symbiotic star nebula near the hot star where the ions dyedetermined terminal velocity would provide an additidn
being significantly accelerated, due to the scattering gg®cboundary condition for the system of nonlinear equations go
becoming stimulated. This is now discussed. erning the stimulated scattering process.

One here envisions a waveyatstarting at a distance from  With the frequencies, being those of the doublet tran-
the hot star where the C IV ions have achieved their termirsitions, there would be plenty of light available via EIE for
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“seeding” thel, beams at larger distances from the hot star. Envan
As already stated, as the beams continuously propagate in- Ent1,n+1
wardly towards the hot star, they become amplified via the no#&,, .., €

n+1,n’

linear scattering process, which by now one sees could aptly
be termedstimulated radiation pressure scattering (SRPS).
Maximum |, beam intensity would be attained at the hot star
surface. Because of the small size of the hot star, most of tiai s
nonlinearly amplified light could pass around the latter a
be in principle viewable from the “other side” of the hot star
One might therefore think that tHe light generated possibly
accounts for a significant part of the doublet emission inten
sity one sees in the case of EG And, for example. However,

glance at Fig. 12 shows that the integrated continuum ift¥ensxig 14, Energy level diagram showing some of the (threefold degen-

rgmoved by nor.llinear absorp.tior_1 is ?Vidently only asmaltfr erate) unperturbed multiplicities,,y. Wavy arrows pointing to the
tion of the total integrated emission intensity observed.0Ah |eft or to the right depict the emission of a fluorescence phain

find no specific information regarding the orbital phase of Efansitionsab or bc, respectively. After Fig. 3 of Cohen-Tannoudji &
And when the spectrum shown in Fig. 12 was recorded. (&synaud (1977).
was briefly noted in Sect. 2.1, EG And is an eclipsing symbi-

otic star.) However, by comparison with Fig. 3 of Vogel (1£93shorthand notation used in C-T&R, the quantitgppearing in
in which fourlUE C IV doublet spectra recorded atffdirent Eq. (21) is taken to be equal to 1, as already mentioned.)

phases are shown, one surmises that in the case of Fig. 12, tﬂebiagonalization of the couplings inside each multiplicity
phase of EG And must have been reasonably close to qua%ﬁ—

. N ) . is performed by C-T&R in the following manner. Two
ture. If this is true, most of the doublet emission intensifie ..o~ ~ombinations ofan+1.n) andlc,n,n — 1) are in-

sees in this figure must be due to EIE, at least if one assumiesy \ced which are respectively coupled and uncoupled to

that the C IV dressed-atom laser model outlined in Sect. %bzn ). One first defines a “generalized Rabi frequengy”
applies here. We conclude Sect. 2 by making the following P& terms of the individual Rabi frequencies andw’ of the
diction, which again hints at the value a complete seriesgif h two resonant laser beams !

resolution spectra showing the variations that occur ircthe
profile in EG And with changes in orbital phase would have. Q = (wf + w'lz)l/z (22)
One would predict that at superior conjunction the two narro

redshifted absorption lines seen prominently in Figs 12hd Defining an angler by
would be absent. This is because it should not be possible for

\8n+1,n’-1

€

n-2,n’

wl
C IV ions to be accelerated in the direction of the red giant, tana = w—l (23)
because for these the “initial” radial velocities with respto !
the hot star would be negative. one then writes

lun,n) =cosala,n+1n)+sinalcnn -1y  (24)
3. Fluorescence and absorption spectra of
cascade-type dressed atoms and

An energy level diagram similar to the one with which C-T&R  |[v.n,n') = —sina|a,n+ 1,n’) + cosa|c,n,n - 1).  (25)

introduce the concept of unperturbed, threefold—degeeera ina Ed. (21 dil ifies t " i led
multiplicities ey is shown in Fig. 14. Wavy arrows pointing to sing Eg. (21), one readily verifies thigtn, i) is not couple

the left or to the right describe the emission of a fluoreseenté)_lb’ n, i), while u, n, i) is coupled to this stat_e With an am-
photon on transitiognabor bc, respectively. plitude (1/2)Q;. C-T&R thus deduce that, y splits into three

For cascade-type three-level atoms, Fig. 15 shows the Eﬁ_rturbed stateg n,m) (i = 1,2,3)

perturbed degenerate states of the multiplieify, and indi- , 1 , ,

cates the couplings that are induced between these staties by |L.n.n) = N (|b n.n') +[u,nn >)

presence of the two resonant light fields. The matrix element

for the interaction Hamiltoniaf that couples together two |2, nn) = |v, n,n’) (26)
states of a multiplicity — for exampl&, n + 1, n’) and|b, n, n’) 1

- can generally be written as (see Cohen-Tannatdji. 1992, 3.n,n) = N (= [b.n, ) + Ju,n, )

p. 415)
with energies (measured with respect to the unperturbadgne

1 1 .
(b,n,n [Hina,n+ 1,0’y = _EﬂE(wo) = Ehwl’ (21) of en) respectively equal to:

wherey is theabtransition dipole momenE(w,) is the maxi- E, = +1'Q1
mum value of the sinusoidally-varying electric field of tighit 2
beam atv,, andw; is the Rabi frequency for this beam. (In the E;=0 27)
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la,n+1,n") | b,n,n") | c,n,n’-1)
S o e— — ) ey
(V2)o, (2o,

Fig. 15. Unperturbed degenerate states of the multiplieity, for

cascade-type three-level atoms. The double-headed arepmssent A0,
the couplings between the degenerate states, proportmtizd Rabi

frequenciesy; andw;. After Fig. 4 of Cohen-Tannoudji & Reynaud

(1977).

A |1,n,n’>

Y |2,n,n")
1
E3 = —EQ:]_.

These perturbed levels are shown in Fig. 16. Using Egs. 24, 25

and 26, one can finally write the dressed-atom wavefunctions 20,
as linear combinations of the bare-atom wavefunctionstfer t
cascade-type structure:

v |3,n,n°)

Fig. 16. Perturbed states of the multipliciggy, with a splitting de-
termined by the generalized Rabi frequelity= (w? + w;?)Y/2. After
Fig. 5 of Cohen-Tannoudji & Reynaud (1977).

|Lnn) = %2 (COS(Z lan+1n)+bn, n'))
+ %2 (sinarjc.n, ' - 1))

|2,n,n") = —sine|a,n+1,n) + cosa|c,n,n = 1)  (28)
|3,n,n) = %2 (cosa|a,n+1,n) —|b,n,n))

1 H /
* 5 (siner[c,n.m = 1)).

As a consequence of the assumption thataberansition is
forbidden, the only non-zero matrix elements of the atomic
dipole moment operatdv areu = (a|M|b) andu’ = (b|M|c).
Utilizing this fact, and making use of the wavefunction expa
sions appearing in Egs. (28), one can easily evaluate tlodedip
matrix elements for all allowed spontaneous emission decay
originating from each of the three perturbed levels,n’) ofa
given multiplicity e, v and terminating on the various perturbed”™”
levels of lower-lying multiplicities. It becomes at oncepap-

ent thatM coupleseny only to adjacent multiplicitieSge1y OF _ ) o
enm+1 ). Equation (2.12) of C-T&R displays these dipole mofEig- 17. D|_agram showing all spontaneous emission decays (wavy ar-
ments in the form of two simple tables. The individual dipolf?Ws) Which are allowed from the three perturbed states,gf to
matrix elements are either zero, or are equal tar ¢/ multi- g‘évheénrf]_rlgzﬁgc'g?z'g;ﬁ:a;zg?% dressed atoms. ARg. 6 of
plied by simple factors such as/@) cose, —(1/ V2) sine, etc. u ynau '

The individual spontaneous emission decay rates, obtdined

squaring the various dipole matrix elements, are agaireeitfio know the equilibrium populations; of the dressed-atom
zero, or are equal tp or v’ multiplied by simple factors such states (see Eq. (2)) Under the so-called “secular apprexima
as (1/4) cog a, (1/2) sirf a, etc. Herey andy’ are the fluores- tion” (Q1 > y,7’), C-T&R show that ther; can be obtained
cence decay rates of the two bare atom transitibas a and from simple rate equation considerations. The steady-stat

c—h lution to these equations is found to be:

For three-level cascade-type atoms, the allowed sponta- ' cod
neous emission decays from the three perturbed statgg,of M1 =Mm3= — ycosa (29)
are shown as wavy arrows in Fig. 17. One instantly sees that ysirta + 2y’ cof a
the fluorescence spectrufy,(w) observed on the transition e
b — a has five components at frequencigs wo = (1/2)Q4, Ty = — Y ad . (30)
andwo + Q1. A similar result holds folFpe(w), which exhibits ysifa +2y coda

five components ab}, wj+(1/2)Q,, andwf + Q4. The widths With use of both Fig. 17 and Egs. (29, 30), it is straightfor-
and the weights of the various fluorescence components waard to predict the general appearance of absorption spefttr
evaluated in C-T&R. dressed cascade-type atoms.

To obtain the strengths of either the dressed-atom fluores- For definiteness, let it be assumed that the ratio of Rabi
cence or the dressed-atom absorption components, one néedgiencies of the resonant laser beams applied to the-three
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level gas is such that; >> «]. This would correspond to

the assumption made in Sect. 2.1 that in symbiotic stars the
Lya dressed-atom laser beam intensities are much greater than
those of the K dressed-atom laser beams. Then, to first or-
der, one sees from Egs. (23), (29), and (30) thats 73 ~

1/2, m, =~ 0. Through inspection of Fig. 17, one sees that
no absorption should occur at eitheg or wf, because of the
essential equality of the populations in, for example, thtes
[3,n—1,n")y and|3, n, n’). This of course simply reflects the fact
that a condition of EIT about each bare-atom transition auto
matically results from the presence of both applied resbnan
laser beams. From Fig. 17, it is apparent that EIT is equitale

to “saturation” occurring on transitions between dresatmn
states. For similar reasons, there is also no absorptioir at&_q 1,010
therw, = Q4 or wj + Q1. Again from Fig. 17, one sees that the [2,n-1.n%)
onlylinear absorption bands the cascade-type dressed-atomgas ~ |3.n-1.n"

would display occur abg +(1/2)Q1. At wo(1/2)Q, only gain Fig. 18. Diagram showing all spontaneous emission decays which are

would be present, and not absorption. Any incoherent pugpigijowed from the three perturbed states:gf to lower multiplicities
light resonant with the latter transitions could only drstén- jn A-type dressed atoms.

ulated emission transitions that add photons to the ineotter
pump source, while féectively removingthem from the laser

beam atw,. In the spectral vicinity ofv, + (1/2)Q1, however, ting them in exactly the same manner as shown in Fig. 16.

power from the incoherent pumping source can in principle Bgalogous to Egs. (28) are equations expressing the dressed
transferred to the cascade system laser beams either e@ li@tom wavefunctions as linear combinations of the bare-atom
absorption, or else through a nonlinear absorption praness Wavefunctions for thes system:

as SHRS. In Sect. 5, it will be shown that in symbiotic stars 1

nonlinear pumping mechanisms are far more important thhnn, ny=— (com[a,n+ 1Ln)+ |b, n, n’))

one based upon linear absorption. In Sect. 4, it will be seah t V2

for A-type and V-type dressed-atom gases, only absorption oc- + 1 (sina |c, nn + 1))

curs in the vicinities of both bare-atom transitions.

In all three types of dressed-atom systems phstionsof
the absorption bands shift with increasing levels of lagevey.
However, the bandtrengthsremain constant. This is the es-
sential reason why saturation of the pumpirficeency of a ,

|3.n,n) =
three-level dressed-atom laser does not occur.

[2,n,n-1)
[3,n,n-1)

|2.n,n) = —sine|a,n+ 1L,y + cosa|c,n,n + 1)  (31)

(cosa[a,n+1,n) - |b,n. 1))

&l

1 ,.
— .nn +1)).
4. Spectral properties of A-type and V-type i \2 (Sma|c nn >)

r -atom i i
dressed-atom gases Following the same procedure which led to the construc-

In Narducciet al.(1990) the spontaneous emission and absotwn of Fig. 17, one can prepare an analogous diagram for the

tion properties of driven V-type three-level systems afewca A system showing all the allowed spontaneous emission transi

lated in considerable detail. General case formulas aieetkr tions that can occur from a given multiplicity, (Fig. 18). It

that apply when the secular approximatiéh (> v,v’) is not is apparentfrom Fig. 18 that, for tiaesystem, the pattern of al-

valid, but a dressed-state description closely followimg ap- lowed spontaneous emissions around both bare-atom frequen

proach of C-T&R for the high intensity limitis also includdd cies is the same as that around #ietransition for cascade-

a subsequent paper (Mangdal. 1991), corresponding spectraktype dressed atoms. However, the equations forAttsystem

properties of the\ and cascade models were investigated. Thigat are analogous to Egs. (29,30) for the cascade system are

formulas for emission and absorption in the high-intergitjt  very much simpler. Simply by inspecting Fig. 18 one can see at

contained in both of these papers generally agree with verat ®nce that, under the secular approximation, the followingm

be discerned about driven three-level systems via inggeofi hold: 71 = 73 = 0; 72 = 1. The presence of applied laser

dressed-atom energy level diagrams such as the one showbeams at botl, andwy has thus resulted in all the atoms in

Fig. 17. For example, formulas given in Mangtal.(1991) for the gas becoming “coherently trapped” in {8, n’) dressed-

the absorption spectra of the cascade model in the high-intetate levels. Moreover, this occurs falt values of tam, the

sity limit verify the conclusion drawn in Sect. 3 that abggyp ratio of the individual laser Rabi frequencies (Eqg. 23).

can be obtained in the vicinity of one transition, but nothbot From inspection of Fig. 18, one can also instantly see why
For the A system, we are again interested in the higmo fluorescence is emitted fromaatype dressed-atom gas. As

intensity limit. Application of the two resonant laser figldis by now well known to scientists in the quantum electron-

again lifts the degeneracies of the multiplicitiesy, split- ics field, coherent trapping of-type systems can be vividly
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[’ achieved in a tenuous gas of V-type/ottype dressed atoms ir-
radiated by narrow-band fluorescence centeredyadnd w}
resulting from JR (andor) EIE (c.f. Sects. 2.1 and 2.2). It will

be assumed that the intensity of this fluorescence pump light
is comparable to the calculatedd-yaser pumping light inten-
sity in the model of Sect. 2.1. Also, as was done in the case of
that model, it is here assumed that the pump light is spéctral
distributed over a widthhv, ~ 6 cmL.

There are three optical pumping mechanisms which poten-
tially could provide a basis for amplification of both applie
laser beams in a dressed-atom laser: linear pumping by the in
coherent fluorescent light, stimulated broadband Raman sca
y tering (SRS), and stimulated hyper-Raman scattering (SHRS
[1.n-107) Consider first the fect of linear pumping of V-type dressed-
[2,n-1,n) atom gases via absorption of IR- (dad EIE-produced flu-
[3,n-1,n") orescence in the absorption bandsJsgt+ (1/2)Q;. An indi-

Fig. 19. Diagram showing all spontaneous emission decays which é’rjgual photonic event ocqurring in this _type of process rhigh
allowed from the three perturbed states:gf to lower multiplicities °€, for example, absorption of a continuum photorwgt-
in V-type dressed atoms. (1/2)Q, accompanied by excitation of a dressed atom from

state|1,n—1,n’) to state|2,n,n’y. While through this event

the number ofw, photons dressing the atom is temporarily

demonstrateq ir_1 the laboratory as a complete quenching-of fi-reased by 1, the energy thus gained by the dressed-atom
orescent emission from (bare-atom) leelvhen both laser gy stem soon becomes irretrievably lost via the four fluores-
beams are applied to a vapor cell, whereas when only one.@p; transitions indicated in Fig. 19. Trate at which dressed
the other of the beams is applied, bright fluorescence is. Se&dms are excited frori, n— 1, i) to [2,n, ') via linear ab-
Among the earliest papers to discuss coherent trapping- of 5o rvion is given approximately by the fluorescence pumping
type dressed atoms and to report laboratory demonstraiiongjx yithin the dressed-atom absorption bandwidth times the
this efect were Alzetteet al. (1976), Arimondo and Orriols iy ayimum cross-section of the dressed-atom absorption. band
(1976), and Gragt al. (1978). _ Taking the latter to be2/2x)(Avn/Avp), its value at Ly
Again, from mere inspection of Fig. 18, one can see that thg) ,id be~ 1.2 x 10 cn?. if the Doppler widthAvp of
linear absorption spectrum af-type dtessed atoms Consistghe gressed atoms is here for simplicity also assumed to be 6
only of components abo=+(1/2)Q; andw,+(1/2)Q1. Nolinear -1 1 the pure hydrogen symbiotic star model of Sect. 2.1,
gain is present around either of the bare-atom frequencies. e fiyx of Lya fluorescent photons crossing the surface of the
Figure 19 shows the analogous spontaneous em'ss'onﬁbmgren sphere was calculated to be 8.3% pBotons crm?
agram for V-type dressed atoms. Here the pattern of allowgg-1 (=136 Wcm?). Hence, the rate at which a dressed atom
spontaneous emission transitions about each bare atom ﬁﬁeétate|1 n—1,n) is linearly excited to stat, n, 'y would
quency is seen to be the same as that gbomahmnsition N pe no greater thar 10° sec’!, which is approximately three
cascade atoms. The steady state solution for the dressed-gf;qers of magnitude less than the net rate of fluorescenydeca
level populations can be deduced_from |_nspect|0n of th_'g‘ﬁgq‘rom 12, n, n"). Thus, one must evidently look beyond linear ab-
to bery = 73 = 1/2, 72 = 0, and this again holds for all inten-gqyion to find an gective symbiotic star dressed-atom-laser
sity ratios of the two applied laser beams. The term “com;renpumping mechanism.
trapped atoms” is therefore also a fitting description fayMe ~  consider next stimulated Raman scattering (SRS) as a pos-
dress_ed atoms. The fluorescence spectrum in thl_s casgtson§f5|e pumping mechanism for dressed-atom space lasers. SRS
of atripletaround each of the bare—atomfrquenues,vmth—c is a stimulated two-photon process thaigently converts
ponents atvo, wo + Q1, w,, @ndwy + y. The linear spectrum my jight into coherent light called the Stokes wave. Itkgor
of the dressed atoms here again contains only absorptlcojsbatghua”y well whether or not the pump light is coherevidé

[3,n,n"-1)

€

n-1,n’

occurring awy + (1/2)Q1 andwy + (1/2)Q1. infra). In SRS, the unit step involves simultaneous absorption

of a pump photon and creation of a Stokes-wave photon, with

5. Stimulated Raman scattering (SRS) and an atom moving from a populated initial level to an unpopu-
stimulated hyper-Raman scattering (SHRS): lated terminal level, and with total energy being exactin-co

served in the step. From the V-type dressed-atom energly leve
diagram (Fig. 19), one sees that four separate SRS photonic
processes which generate Stokes waves at the bare-atom fre-
One can utilize either Fig. 18 or 19 to evaluate the relative ejuencies are theoretically possible. One such processdwoul
fectiveness of an optical pumping mechanism (either limearinvolve the simultaneous absorption of a continuum photon a
nonlinear) that could in principle provide fficient excitation w,—(1/2)Q; accompanied by emission of a photormugt From

for A- or V-type dressed-atom laser emission to occur. For thég. 19, one sees that such SRS events would originate from
sake of definiteness, we here consider how amplification eangopulated dressed-atoyh n, n’) levels and terminate on un-

realistic pumping mechanisms for
dressed-atom lasers in symbiotic stars
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populated dressed-atd®)n, n’) levels. Light atw, would also 2

be generated via the SRS process in which continuum light at L

wo+(1/2)Q, is absorbed. Here the events would originate from A

populated3, n,n’) levels and terminate again on unpopulated

[2,n,n’y levels. Two similar SRS transitions occurring about

wy could, in principle, provide amplification at that frequgnc

All four SRS processes must originate from the upper levels

shown in Fig. 19 in order to terminate on unpopulated lev- Q)3

els. There are also four potential SRS processes starting fr

the upper levels that terminate on unpopulated levels beg ha

Stokes-wave frequenciediirent from the bare-atom frequen-

cies. These would, however, be discriminated against,useca

the SRS transition probability is proportional to the imsta

neous power in the Stokes wave, and the latter can only build

up if the Stokes-wave frequency stays constant. I —
In the above discussion, both the SRS pump radiation

and the Stokes-wave emission were considered to be spec- E, =¢, cos(o,t—k,z+¢,)

trally coincident with specific dressed-atom resonantdiran

tions. However, for the purposes of highlighting and explzg

some subtle, but nonetheless important, physical pragzeof

the SRS process, it will be helpful for us to assume templgrarkig 20, piagram of a broadband SRS process in which the pump beam

that the following additional constraints apply: (1) TheoHu spectrum is iset from the intermediate state resonance. The phase

rescence pump light bandwidtty, is significantly larger than ¢, (z t) of the pump beam electric field is here assumed to be stochas-

the dressed-atom Doppler widttvp. (2) The incoherent flu- tically varying.

orescence pump light is applied in the same direction that th

generated Stokes waves propagate. One then has optimum con- /I;“, kW/cm?

ditions for the occurrence dfroadbandSRS, an fect known

in the quantum electronics field for more than thirty years. 1200
In broadband SRS itis observed that in the backward direc-

tion (i.e. counter-propagating pump and Stokes waves) the gain

codficient is proportional to4v. + Avp)~2, while in the for-

ward directionjn the absence of dispersion of the Stokes wave

relative to the pump wayéhe gain is proportional taAvp)~*

alone. For such relative dispersiofiexts to be negligible, the

pump spectrum should be significantly detuned from the tran-

sition between the initial stateand the intermediate sta?eas

depicted in Fig. 20, for example. When this is so, the thrigsho

for SRS is completely independent of pump bandwidth, and ) .

just depends upon the total pump power. For a pump spectrum -40 -20 0 20 40

that doesn’t overlap the intermediate state resonanceZB)g AY/2nc, cni’

the SRS threshold varies as the square of the frequefssto

When the pump spectrum overlaps the intermediate state fd§-21. Experimental measurements by Korokehal.(1978) showing

onance, the SRS threshold depends uporspeetral density the dependency of SRS threshold on both the center frequamdy

of the pump, and one sees a threshold dependence as shoWgffwidth of the pump beam spectrum, when the latter ovetiap
Fig. 21. intermediate state resonance. The pump beam bandwidlizedire

Scientists in the quantum electronics field frequently ekqdlcated' After Fig. 2 of Koroleet al. (1978).

plain the pump-bandwidth-independent SRS threshold behav

ior observed in thef-resonant case, and also the fact that SRS

can evidently be excited just as easily by incoherent light wave in SRS, the phases of the pump and Stokes-wave fields
by coherent light, by postulating that, whenever SRS does @xactly cancel, and do not therefore enter at all into the de-
cur, the Stokes-wave radiation is generated with a timgiwgr termination of the SRS Stokes-wave gain, and hence thresh-
phase that exactly equals the time-varying phase of the puoig value. However, a pump field_ in Fig. 20 having a con-
radiation, no matter how randomly-varying the latter may kstant amplitude, but a stochastically-varying phage which

(c.f. the equations shown in Fig. 20). This is the so-callembruptly changes at a ragg = 2(Av_) would have a spectral
“phase locking” postulate. However, according to Raymer bandwidthAy,_, and should therefore be viewed as a “broad-
al. (1979), its theoretical basis is not particularly well undeband” source. This is the so-called “phasgudiion” model of
stood. When the equations shown in Fig. 20 are substituted istochastic light. It is frequently employed in nonlineatiop

the nonlinear equations describing the growth of the Stokealculations €.g. in Raymeret al. (1979), and in references

Eg =egcos(ogt —ksz+¢g)
Phase locking occurs when o5 (z,t)=¢, (z,t).
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cited in that work), because the mathematics involved is-relvherer, is the classical electron radius ~ 2.82 x 161° m,
tively tractable. the f’s andQ’s are oscillator strengths and angular frequencies
Under the assumption that phase locking occurs in SRSpftthe transitions shown in Fig. 20, andis the Ly fluores-
can be easily shown that a certain nonlinear photonic loss peence power that end-pumpsthe hydrogen gas. We assume here
cess — one thad priori would seem to have the potential tdhat the pump light and Stokes-waves are collinear, so atto s
cancel entirely the laser gain produced by SRS — can actuadify the conditions required for broadband SRS to occurlFor
be neglected. This isvo-photon absorptiofTPA). In the V- andny, we choose the same values used in Sect.i211.36
type dressed-atom diagram (Fig. 19), the TPA process could®® W/m? and 1.64 x 1& m=3, respectively. We again as-
be represented, for example, by a simultaneous two-phogrme the spectral width of the pump light to be 6-¢nbut we
absorption step originating froii8, n — 1, n’), proceeding up- here take the hydrogen atom Doppler width, to be 3 cmt
wards via/3, n,n’) ,and terminating o2, n + 1, n’y . However, (Awp =5.65 x 16* radiangsec), so as to satisfy the, > Avp
whereas the randomly-varying pump and Stokes-wave ph#gguirement of broadband SRS. Thaumbers in Eq. (32) are
shifts cancel in SRS, they add in TPA. This continually keefere both assumed to be 1.
the sum of the pump and Stokes-wave photon energies detuned?s explained earlier, Eq. (32) strictly speaking only ap-
from the two-photon resonance, thus lowering the TPA trangiies when the pump is significantly detuned from the traorsit
tion probability. to the intermediate state, as depicted in Fig. 20, for ircan
Basically, all the properties of SRS outlined above are conowever, here we are assuming that the pump spectrum is cen-
sistent with it occurring in a gas of V-type dressed atoms ebered on the pumping transition. Fortunately, from Fig.tzan
cited in an end-pumped configuration by photons fromfi-su be inferred that one should be able to determine approxlynate
ciently intense, resonant, incoherent light source. Hanen the SRS gain cdécient in the present case from Eq. (32) by
interesting observation that results from a comparisorigs.F substituting a value: 6 cnt™ for the quantity {21 — v.). The
18 and 19 suggests that while SRS should be possibleAvithnet result, when all the above numerical substitutions @éen
type systems, it should not occur with V-type systems. A geis-thatGr ~ 2.7 x 107 m™*. This is a gain cogicient roughly
eral requirement for anfiective dressed-atom-laser pumpind.7 times greater than the (already large) value fag{Gvhich
mechanism is that it must be able to “donate” photons to th&s calculated in Sect. 2.1!
two separate laser beamsaaf andw), in such a manner asto  Because it involves a simpler nonlinear process, it is yikel
keep the atoms in the gas coherently phased ‘dressed”). that the SRS gain calculation given here should be more accu-
Having all atoms in the gas coherently phased implies treat ti@te than the one given in Sect. 2.1 foraliaser gain due to
phases of the two resonant laser beams traversing the syst#RS. At this stage, it appears that one should probably sim-
and phasing the atoms must be the same, or at least mustflif-conclude that both SRS-pumped and SHRS-pumped Ly
fer by only a fixed amount. This would imply that if broaddressed-atom lasers could exist in symbiotic stars. Onddvou
band SRS is the mechanism that donates the photensartd expect the SRS-pumped lasers, which favor end-pumping con-
w, to the system, the fierence in phases of the two generfigurations, to propagate mostly in directions that areayti
ated Stokes waves, no matter how rapidly the individual ghagial to the H IH Il interface. The spectrum of an SRS-pumped
may vary, must be constant in time. Now consider Fig. 18.dfessed-atom laser beam should be virtually identical thif
is apparent thaeach SRS pumping transitione(g. the tran- of the fluorescence which pumpsite. no pronounced spectral
sition from|2,n— 1, n’) to |3, n, ') is two-photon coupled to nNarrowing should occur. One therefore is again impellegto a
Stokes-wave transitions bothfrequenciess, andw), (e.g. the What would be the astrophysical consequences (aside from fa
transitions from3,n, "y to|3,n — 1, ") and|3, n,’ — 1)). This cilitating He dressed-atom-laser beam generation, as discussed
implies that when SRS occurs, the two Stokes waves generdfegect. 2.1) of having Ly dressed-atom laser emission occur
are excited by a common source of pump light. Under the d8-symbiotic stars. One answer is that such laser beams would
sumption that phase locking occurs, both Stokes waves woRl@vide a rapid andfeective means foradiation transportin
therefore have the same phase. On the basis of Fig.19, hpwes¢nbiotic starsi.e. the removal of energy from the immediate
one clearly cannot make the same argument. One is theref@i@ximity of the ionized region that surrounds the hot membe
led to conclude, for example, that broadband SRS could mjisuch systems. Looking beyond symbiotic stars, it is agar
be the &ective pumping mechanism for C IV, N V, or O VIthat there is here a viable nonlinear mechanism having the po
dressed-atom lasers that possibly could exist in symbstdics. tential to generate intense dyaser light that could propagate
On the basis of the preceding discussion, broadband S#irgctly away from other bright space objects, such as OB sta
would still seem to be a viable photonic scheme for pumpir®j Perhaps even quasars.
the symbiotic star dressed-atomaaser of Sect. 2.1, A-type We now present a somewhat analogous dressed-atom anal-
system which was analyzed on the assumption that the la&i§ that would apply to the case of SHRS. Here V-type
gain results entirely from SHRS. One now should therefopéoms are considered, since SHRS is apparently the only ef-
compare calculated optical gains for the two processes Sfestive pumping mechanism for these systems. Figure 22 is a
and SHRS. A general formula for the SRS gainflicient can schematic diagram showing the basic SHRS processes which

again be found in Hanret al. (1979) and is: are assumed to occur aroubdth bare-atom frequencias,
andwy in a dressed-atom space laser, although only processes
G | 27°r2¢? npws  fapfin I around the former frequency are shown. The two photonic pro-
R=0RlIL =

h (Awp) Q231 (Q1—wl )2 (32)  cesses shown at the left would generate photoag.afhe two
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KR . From Egs. (33c) and (33e), it follows thaf(wo + Q1 +A) =
Y I dc(wy + Q1+ A). From Egs. (33d) and (33f), it likewise follows
x < l2n,n") - Y thatgc(wo — Q1 — A) = ¢c(w), — Q1 — A). SinceA is of arbitrary
N |3,n,n") N , value, it then follows from (for example) Egs. (33a) and (33c
A ‘ i thatp(wo) = ¢(w}). This last equation represents a necessary
T 0 _OA and syficient condition for the atoms to remain “dressed” as
0 +O0A 0-Q-A OFQ+A "1 le~an-a thelightintensity at both narrow-band frequencigsand w;,
o wiQw/z—A 0FH2/2+A ® +Q'/2+AL continues to increase due to SHRS.
- A 1, By contrast, for the first of the two competing processes
[1,n-1,n") shown at the right in Fig. 22 to be correctly phased for opti-
> [2,n-1,n") e mum transition probability, one would requigéw,) — q)_c(wo +
Q1 + A) + ¢c(wo + Q1/2+ A) = 0. From Eq. (33a), this would
< 13,n-1,n") < then require thage(wo—Q1/2-A) = —do(wo+Q1/2+A). Since
--t-¢ Y- this last equation does not follow from Eqgs. (33a-33h), ane i

Fig. 22. Schematic diagram showing the basic SHRS processes whighle to conclude that rapid phase fluctuations of the waves in

are assumed to occur around both bare-atom frequeagiendw, Vvolved in the competing process keep it continually detuned

in a dressed-atom space laser. (Only processes aroundherfise- from exact three-photon resonance, thus greatly decigésin

quency are shown.) The two processes shown at the right ameete  transition probability. The reader will recognize thastargu-

ing ones (see text). ment is essentially the same as the one used earlier to show th
TPA could be neglected in the case of broadband SRS.

processes shown at the right are competing ones, which would
act to remove photons af, from the generated Stokes waveg., Summary

As stated above, and as can be seen from Fig. 19, there are .
equivalent processes that occur arouridAs can also be seen”* dressed-atom”gas.e. a gas of three-level atoms coherently

from Fig. 19, there are various “cross processes” that cemroc Phased by the application of collinearly propagating resn

An example of the latter would be the following. Startinghwit /256" beams tuned to the “bare-atom” frequenciggind wy,

an atom in3,n - 1, '), a continuum photon b, — Q; — A is is shown to be an ideal medium for greatly amplifying both
1] i 1 0

absorbed, a photon af, is emitted, and a continuum photon afPplied laser beams, provided there exists a suitable erdep

), — Q1/2 - A is absorbed, with all events occurring simultad®Nt PUMPIng mechanism which can “donate” photons to the

neously and with the atom ending up in the unpopulated le&f© /aser beams both at affgiently high rate and in a man-
12,0, ). In Fig. 22, the value oA is arbitrary, in principle ex- ner that allows the atoms in the gas to remain “dressed”elf th

tending out to a significant fraction of the pump fluorescen@®tical gain per unit propagation length is high enoughhsic
bandwidthAy, . system will generate intense beams of coherent lightléser
gght) via amplification of either weak, resonant, “seedjhi

qr’ optical noise. A dressed-atom gas possesses two striking

phases of the three participating waves are related in a mafd im_polrtant propertli(es Ithat make it an ideal laser medium.
ner analogous to the conditiaf (z t) — ¢s(z t) = 0 linking 1,) It displays a remar fa_b e ransparency (EIT) a_t bagtand .
the phases of the pump and the generated Stokes-wave ligitaihat allows the amplified beams to propagate in space with-

broadband SRS (Fig. 20). Considering the waves particigatlom being attenuated. (2) It has_ a characteristic qugntum le
in the SHRS processes shown in Fig. 22, and also those (RGHCtUTe that allows the pumping process to continue to oc-
shown in Fig. 22) which involve frequencies arounf one cur V\{It.hOL!t loss of ﬁ0|§ncy as the POWer in the beams bglng
would write: amplified increases,e. it prevents saturation of the pumping
process from occurring.
de(wo + Q1 + A) — p(wo) + de(wo — Q1/2 - A) =0, (33a) Two nonlinear photonic processes are identified as suitable
dressed-atom-laser pumping mechanisms: stimulated hyper
dc(wo — Q1 — A) — ¢p(wo) + dpc(wo + Q1/2+ A) =0, (33b) Raman scattering (SHRS) and stimulated broadband Raman
, , scattering (SRS). Both processes are shown to ftecteve
Pelwo + Qu + A) = d(wp) + de(wo ~ /2= A) =0, (33€)  oang of converting incoherent pump light into coherent
be(wo — Q1 — A) — p(wh) + de(wh + Q1/2+A) =0, (33d) dressed-atom laser light, provided that the frequencighef
former and the latter are close together. This requiremsent i
Po(wo + Q1+ A) = $(wo) + do(wo = /2-A) =0, (33€) gptimally satisfied, for example, if the incoherent pumhtig
de(w), — Q1 — A) — $(w)) + po(wly + Q/2+A) =0,  (33f) is the strong fluorescence @ andw) produced via electron
impact excitation (EIE) in an ionized plasma, since pump and
Pelwy + Q1 + A) = ¢(wo) + de(wo — Q1/2-A) =0, (339) laser frequencies would herefidir at most by the Doppler
p _ width Avp. It is assumed throughout the present paper that
Pc(o = = A) = d(wo) + dolwo + na/2+4) =0, (33N) oo of pump light is narrow-band fluorescence gener-
with ¢.(w) being the phase of a small bandwidth of continuumited either via EIE or through ionizatisacombination (R).
light atw used in pumping the various SHRS processes.  Through inspection of dressed-atom energy level diagr&ms,

The following argument is based upon the assumption th
when a stimulated hyper-Raman scattering process ocbers,
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is deduced that SRS could occur in the cas&-¢§pe systems, laser emission alone. Balmer+adiation is strongly seen in
but not in V-type systems, whereas SHRS could in principymbiotic stars, and in those systems which are known to be
occur in both types of system. This conclusion is based on theipsing, the k& spectral profiles display puzzling variations
specific abilities of the two above pumping processes to keefih changes in orbital phase. A speculative-taser-based in-
the atoms of a coherently phased gas “dressed” as photongangretation is fered for such spectral data recorded in the case
“donated” to the two laser beams. There is an additional casf-SY Mus.
straint for SRS pumping i-type systems - the pump radia- The possibility that dressed-atom laser emission can sit lea
tion must be applied collinearly with the propagation dil@t partially account for the intense FUV doublet emissions of C
of the dressed-atom laser beains,an end-pumping configu- IV, N V, or O VI ions that are frequently seen in symbiotic
ration must be employed. No such restriction holds for SHRSars is examined. These isoelectronic ions all have the sam
pumping; the pump radiation can in this case be applied in ®rtype level structure, so that the only available dresstean-
isotropic manner along the whole amplification path lendth taser pumping mechanism for them would be SHRS. Rough
the laser beams. estimates are made of the likelihood that C IV dressed-atom
In this paper, it is investigated whether such dressed-attaser emission occurs in symbiotic stars. The calculat¢idaip
laser systems could possibly be present in symbiotic staes. gain is much less than for SHRS-pumped@llgsers, and seems
latter are compact space objects having both an extremelyrnimarginal at best. Amplification should here occur in strgigh
tense, point like, source of pumping energy (the white dwdifie paths contained within that part of the ionized hydroge
member) as well as (by astronomical standards) very high dptasma in which C IV is the dominant carbon species. The
sities of atomic hydrogen gas (as much a&xin3) present pump light would be C IV fluorescence generated via EIE in
in the red giant solar wind in the vicinity of the hot star —tbotthe C IV-dominant region. In our model, a surprisingly large
features that priori would make such systems favorable assmount of such C IV fluorescence is generated, the calculated
tronomical environments for the occurrence of dressedatoptical power crossing the HH 1l interface being roughly
laser emission. The calculated optical gains fow ldressed- six times the value estimated for &yfluorescence. The lower
atom laser beams pumped via SRS are found to be extrenadiculated C IV-laser gain simply reflects the relative abun
large, making it appear quite likely that such lasers conid idance (3.3 x 1% of carbon to hydrogen in the red giant solar
deed be present in symbiotic stars. SRS-pumpeddrnessed- wind. As a result of the marginal gain, one would expect C
atom laser beams in symbiotic stars would be expected to hivelressed-atom laser emission to occur in a relativelyovarr
the following properties. The laser beam spectrum should beam, defined by a cone of solar wind propagation rays whose
virtually identical with that of the pumping radiation, Withe axis is that of the symbiotic star, and whose surface passes r
latter being the Ly fluorescence generated vi®&land EIE in sonably close to the white dwarf. Laser emission would occur
the ionized hydrogen region that surrounds the white dwawithin the C IV-dominant region along the solar wind rays in
The SRS-pumped ly laser beams should originate at, antoth directions. Laser beams propagating away from the red
propagate away from, the HH Il interface in directions that giant would be Doppler blueshifted by the solar wind velpcit
are roughly normal to the latter. At any distancédrom the and should be seen in eclipsing symbiotic stars at supesior ¢
white dwarf, the intensities of the hylaser beams should bejunction. Laser beams propagating towards the red giantdvou
comparable to that which one would expect fordfluores- converge to a spot on the photosphere of the latter, andaghoul
cence in the complete absence of dressed-atom laser emisdie hidden from direct view at all orbital phases. These beams
both quantities falling f§ as ¥/r2. Transmission of Ly fluo- would be Doppler redshifted by the red giant solar wind veloc
rescence energy away from the HHIll interface would nor- ity. At quadrature, all observable doublet emission shoejd
mally involve photonic propagation along circuitous ramdo resent fluorescence. A possible manifestation of bi-dweet
walk paths necessitated by the combinffdats of elastic scat- laser beams occurring in symbiotic stars might be the spiit p
tering by H atoms in the red giant solar wind andfalion. files one sees in the red Raman bands in symbiotic stars having
However, if the fluorescence were entirely converted closedtrong O VI doublet emission. In the case of RR Tel, the Raman
the H VH Il interface into Lyr dressed-atom radiation, the enprofile can be roughly explained with the assumption of a 60
ergy would then be transported at the speed of light in dttaigkm/sec solar wind velocity.
line paths leading directly away from the interface. In esse A new nonlinear process, stimulated radiation pressure
such a conversion process would constitute fiective chan- scattering (SRPS), is proposed to explain the observatiain t
nel forradiative transporin symbiotic stars. It is entirely pos-in a few symbiotic stars, there occurs almost total absonpti
sible that this evidently robust mechanism is also opegdtiv of the background continuum level in two comparatively nar-
the case of other very bright space objects, such as OB starsow spectral regions, each blueshifted by the same amamt fr
perhaps even quasars. a component of an FUV doublet. A high quality C IV spec-
The optical gain for SHRS-pumped&yressed-atom lasertrum of EG And is analyzed on the basis of this new pho-
emission in symbiotic stars is also calculated to be verydar tonic scheme. Contributing viability to the proposed pssce
although not as large as the gain for SRS-pumped laser enssthe fact that it simply explains why the above mentioned
sion. The presence of either one in a symbiotic star thexalgti blueshifted absorption bands possess a distinct two-coeo
should facilitate the occurrence of cascade-typedfiessed- structure. The same nonlinear model also accounts for e pr
atom laser emission, although calculations of optical gaé ence in EG And of a pair of narrow redshifted absorption lines
here much more ¢icult to perform than in the case of &y In addition, it is somewhat reassuring that the predicteal tw
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component structure of the blueshifted absorption bands dialborn N.R., Parker J.W., & Nichols J.S. 1995, Internaion
rectly follows from equations that represent conservatibn  Ultraviolet Explorer Atlas of B-Type Spectra from 1200 to0D9
both momentum and energy in the unit scattering process. A (NASA Reference Publication 1363)
Wilson D.B. 1982, MNRAS, 200, 881
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