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Nonlinear theory of noninversion lasers of an open three-level system
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A nonlinear theory of a noninversion laser of an open three-level system based on electromagnetically
induced transparency is given. In this noninversion laser model, a nonselective pumping mechanism is used for
obtaining lasing gain such that the population in the lower lasing level is always larger than a half of the total
population no matter whether the driving field is on or off. In the lasing region, there is no direct pumping to
the upper level. The conditions for the existence of a nontrivial and stable laser field are obtained. The
dependence of the laser intensity on the intensity of the driving field and the ratio of the two decay rates from
the upper level has been obtained, and the ways to obtain a large laser field have been studied.
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[. INTRODUCTION when the driving field is on(Rabi frequency not equal to
zerg [2,4]. However, if the driving field is switched off

Electromagnetically induced transparen@iT), which  (Rabi frequency equal to zerand other parameters are kept
reduces or even cancels the stimulated absorption whilthe same, it can be shown that the population in the upper
keeping the stimulated emission unaffected, can result in lagnd the third levels would be larger than the population in
ing without inversion(LWI1), which is important in the gen- the lower levekinversionp,,+ pec™> ppp) [13]. Another defi-
eration of high-frequency lasers, where the upper lasing levélition [6] of inversion isp,,+ pec<ppy, When the driving
is difficult to populate. Many theoreticall—10] and some field is off (Rabi frequency equal to zerdJnder the second
experimental11,17 studies have been carried out during thedéfinition, a pumping to the third levélevel c) is necessary.
past several years on EIT and EIT-based LWI. In a closed he transition from the lower level to the third level is for-
three-level system, the absorption from the lower level to thdidden, and this pumping is quite difficult to realize without
lasing upper level can be totally canceled by using the ElTother influences in a closed three-level system. In addition,
effect under certain conditions. However, incoherent pumpWwhen the driving field is on(Rabi frequency not equal to
ing to the upper level is still required in order to have a gainZ€ro, the population in the upper and the third level could be
to overcome the cavity and other losses. Furthermore, thi@rger than the population in the lower levéhversion
incoherent pumping will destroy some atomic coherenceaat Pcc>Pop) [13]- Note that the two definitions are con-
which is responsible for the reduction or cancellation of thetradictory to each other.
absorption. That is to say, the incoherent pumping will de- Quite a few LWI experiments have been reported. Now it
crease the absorption reduction, and the absorption cannot Ketime to consider how to use the LWI to generate high-
totally canceled due to the incoherent pumping. Therefore, equency lasers. The key problem, in addition to the cavity,
certain amount of pumping is necessary for having a gain tés the incoherent pumping. How do you use nonselective
overcome the absorption as well as the cavity and othePumping to populate the upper or third level without destroy-
losses. In the early papefg], the problem of how to pump ing the atomic coherence which is needed for the absorption
the upper level was not discussed. Later, selective incoherefigncellation?
pumping to the upper lasing level was introduced to get the A recent study[14] shows that a positive gain can be
gain [4]. The selective pumping was optical, which meansobtained with the population in the lower level being always
we a|ready have an incoherent ||ght at the same frequency éarger than a half, no matter whether the driving field is on or
the laser to be generated. In order to get sufficient pumping?ff, in an open three-level system. Moreover, in such a sys-
the incoherent light needs to reach a certain intensity. In thé&€m nonselective pumping can be used for getting the gain. A
generation of high-frequency lasers via LWI, this incoherentinear theory was given there. In this paper, we would like to
pumping is still the main obstacle. Another method to get theéxtend the previous work to get the nonlinear theory for such
gain was suggested to pump the third leyedt the upper @ LWI system.
and lower lasing levejsfrom the lower lasing leve(6].

However, this is a forbidden transition, and the scheme to
pump this level from the lower level was not discussed.

In the EIT-based LWI systems, noninversion is defined to Consider an atomic beam composed of three-level atoms
mean that the population in the upper and the third levelgsee Fig. 1, which is injected into a cavity. Before entering
(say levelsa andc) is less than the population in the lower the cavity, the atoms are populated in the lower lasing level
level (say levelb), pa.+ pec<pp,- However, the population |b) and another levelc). The transition between levéb)
is dependent on the Rabi frequency of the driving field. Theand level|c) is forbidden. In the cavity the atoms are driven
commonly used definition of noninversiongg,+ p..<ppn, DY a coherent field on resonance at the transition between

II. EQUATION OF MOTION
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FIG. 1. The three-level atom.
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decay rate from the upper level to other levels, which may
exist in a real atomic system. The equation of motion for the
laser field is determined by

. r
Qo=i(wc— V)QO_EQo_igzpab, €)
wherel is the cavity loss ratgg is the coupling constant of
the atom for the lasing transitiofassuming rea) o, and »
are the frequency of an empty cavity and the frequency of
the laser field, respectively.

For simplicity, we letA=0 andAy,=0. In the steady case,
we get

Pab=1Qoa[ (¥YpcYact |QO|2)(Paa_ Pbb) — |Q|2(Paa_ pCC)(]4,)

levels|a) and|c), and interact with the laser field resonantly \ynere

on the transition between levdla) and|b). After the inter-
action the atoms exit from the cavity at a rateThe inter-
action Hamiltonian of the systefthe atom, the driving field,
and the laser fieldis

H=—Ao|b)(b| -7 A[c)(c|+1Q|a)(c]
+7Q*|c)(a|+7Qgla)(b|+2QF|b)al, (1)

whereAy= w,,— wy andA=w,.— w are detunings of the laser
field (frequencywg) and the driving field(w), respectively,
and ), and () are the associated Rabi frequencies.

The equations of motion for the elements of the atomic

density operator are

baa: —i1Qoppa—iQpcat iQSPab"' Q% pac

—(WaptWact W+ ) paas (2a)
Pob=1Q0pba— 1905 papt Wappaa— ¥Popt Ry, (2b)
bcc: 1Qpca—iQ*pactWacpaa— ¥Pcct Res (20

i)ab: —iQoppp— 1 QpcrTiQopaa—iAoPab™ YabPab a(
2

bac: —1Q0ppc—1QpcctiQpaa—iApac— YacPac: (20
€

bbc: —i Qg Pacti1AoppctiQppa—iAppc— YocPoe:

whereW,, (or W, ) is the population decay rate frofa) to

|b) (or to|c)), y; is the off diagonal decay rate between

levelsi andj, R, (or R.) is the atomic injection rate for
levels|b) (or |c)). Here, we introducedlV for the population

where
@=(YabYvcYact Yanl Qol*+ ¥ad 2% 7. (5)
The populations in the three levels are given by
Paa A A As\ Y o
Pob | =| Az Az Az —Ry |, (6)
Pee Az Az Ags —Re
An=2a[lo(l = ypeYac—lo) +1 (1o~ YabYoc— 1]
~Wae=Wap—= W=, (79
Az=2a(l0¥bcYact 15~ 110), (7b)
A1z=2a(~ ol +1YapYpct 1), (70)
Az1= —2alo(l = YpcYac—10) T Wap, (7d)
Azp=—2alo(YpcYact o)~ 7, (7e)
Azz=2alol, (7f)
Az1=—2al(log= Yap¥pc— 1) +Wac, (79
Az=2all g, (7h)
Agz=—2al(YapYpct 1) — 7, (71)
and
lo=1Q0l%, 1=]0Q% ®

On substituting the above expressions for the populatigns
into Eq. (4), we obtain

Asl2+ALlo+A,

=-i0 : 9
Pan= 180 B 131 B 121 B 14+ Bg ©
where
A= Rb(Wac+Wab+W+ v, (109
Ay =Ry[| (W, +3W,,+ 3W+57)
+2707(Wac+wab+w+ '}’)]
— Rl (W= W+ WH37y), (10b)
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Ao=Rp(yoy+DI1(2Wap+2W+47y) 100
+ Y0 Y(WactWap+ W+ y)] "
—Rel (y0y+1)(Wae—Wegp+W+3y), (109

60
B3=2(Wy+W+27), (100

40

Wac/ Wab

By=21(2W, o+ W, + 2W+47)

+ Y0 Y(SWye+Wapt 5SW+97), (108
20

B1=2(yoy+ D[1(Wact+2W,p+3W+67)
+ Y0 Y(2Wac+Wapt2W+3y) ], (10f) 0

Bo=(y0y+ 1’21 (Wapt+W+27)
+70¥(Wact Wapt W) ], (109 FIG. 2. The ratio of decay rates vs the injection rates to levels
|b) and|c) with W=0, y=0.01W,, and different driving fieldsa)

With ¥9="Yac= Yan- From Eq.(9) we know that the condition 0=0.Wje, () 2=0.5Wyc, () =Wj, respectively.

of having a positive gain i#\, negative. Because the nu-
merator on the right-hand side of E@®) is proportional to
15, while its denominator is proportional tc, the lasing The linear gain of the system is proportional to the imagi-

process would be saturated as the laser intensity incréiases nary part of the density elemepy, and is given by
a complicated way Equations(9) and (10) are the basic

equations for the following discussion. However, it is quite A

difficult to pick up important physics features by looking at G=-¢° B’ (123
them. In order to have some physical understanding of this

problem let us consider two special casés;y,.y or
W,>W,,,y with low laser intensity anélv=0. At low laser

intensity, Eg. (99 can be rewritten as pg, A=Ru[1(2W..r+ 2W+ 4 ) + Wt Wer+ W
= —i0,Ao/(Byl o+ By). First, considering> y,.y, we have ol 1 (2Wab M+ yoyY(Wact Wap V]

Ill. LINEAR GAIN

where

— R (Wge— WgptW+3y), (12b

B=(voy+D[21(Wap+W+2y)

. (Wact37y) = S(2Wap+4y) — Wy
Pab=1QoR¢ )
2Wyl

(113 + Y0 Y(WactWap+ W+ y)]. (120

It can be seen from Eq12¢) thatB is always positive. The
condition of having a positive gain is thAtshould be nega-
tive. From the expression fdk, i.e., Eq.(12b), we can see
that A is a first-order function ofl. For =0 we have a
positive A (loss for the laser field By increasing the inten-
sity of the driving field, we can have a negati®e For an
intensive driving fieldl>v,y), the condition of having a net
IRc— Yac YRy gain becomes

¢ Jaclh 11b
© Yac¥(Yacy+1) (110

with S=Ry/R.. From this equation we see that the gain
condition is R (W~ W,p+37)>Ry,(2W,,+47y). The
noninversion conditioR. <Ry, will result in the requirement
of the relation betweerW,. and W,,. For the case of
W,.>W,, and y we can write

Pab=1{)
Wye>(4S—3) y+(2S+1)Wyep+(2S—1)W. (13

which yields the gain conditioh> Sy, .y for the intensity of It can be seen from Ed13) that W, needs to be at least
the driving field. three times larger thaw,,, for a gain without inversionS

In these two specific cases, we saw that the intensity of>1). In general, the condition for having a gain is deter-
the driving field and atomic parameters need to meet certaimined by A<0. In Fig. 2, we plot the relation between
criteria in order to have noninversion lasing. In the following W,/W,, and S for having a noninversion gain. Larger
sections, we will study the general dependence of linear gailV,/W,, will lead to larger noninversiorilarger S) with a
and laser intensity on various parameters positive gain.
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FIG. 3. Dependence of the gaim the unit ofg?R/y,cy) on
the Rabi frequency witt6=1.2, W=0, y=0.01W,.. Curves(a),
(b), (c) are corresponding t&/,,=0.00MW,., W,,=0.01W,., and
W,,=0.059WV,,, respectively.

According to Eq.(13), we also plotG in the unit of
9°R./ vy as a function of the Rabi frequency wig+1.2,
W=0, andy=0.01W,, and with differentW,,=0.00MWV,_,
W,p,=0.00W, ., W,,=0.05V,, as shown in Fig. 3. There is
a threshold for the Rabi frequency of the driving field. Above
this threshold we have a positive gain. In Fig. 3 we can se
that there exists a maximum gain. It is becalses a first-
order function ofl, andB is a second-order function bfsee
Egs. (12)]. At the point where the system has a maximum
gain, we have

dG

ai (14)

From Egs.(11), we can get the condition for having the
maximum gain,

al?+bl+c=0, (15
where
a=2(Wyp+W+2y)[2(W,a,+ W+ 29)R,
— (Wt Wt W+ v)R.], (163
b=4y0y(WaptW+2y)(Wye+Wap+ W+ y)Ry v(le)

= Y3Y2(Wac+ Wap+ W+ Y)[ (Wae+ Wap+ W+ y)R,
+ (Woe—Wapt W+ 3y)R.]. (1690

Under the condition of Eq(13), we havea<0, b>0, and
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FIG. 4. Maximum gain(in the unit ofg?R./v,cy) Vs the ratio
W,/ W,p with y=0.01W,., W=0. Curves(a), (b), (c), (d) are for
S=1, S=2, S=5, S=10, respectively.

—b—+b’-4ac

2a

(17

Iy

Substituting the above solution into Ed.2), we can get the
maximum gain. In Fig. 4, the dependence of the maximum

gain onW,/W,, is plotted with y=0.01W,, and W=0 for

differentS=1, 2, 5, 10, respectively. It is clear that the larger
the ratio of W,. andW,,, the higher the maximum gain. In
Fig. 5, the dependence of the maximum gainis given
with y=0.01W,,. and W=0 for different W,,,=0.00W,,
W,,=0.00W,., W,,=0.08V,, respectively. As expected,
the maximum gain increases as the ratig /W, increases
or the ratioS decreasesequivalently the increasing of the
population in upper levels

IV. STABILITY ANALYSIS

For the stability analysis we need to consider the dynamic
equation of the laser field, Eq3). Assuming resonance,
w.=v, we have from Eqs(3) and (9)

r

Aol 2+ Al o+ A,
Bslg+B,l5+Bylo+ By

i0:2 2

l,. (18

In the steady staté ,=0), it can be seen that=0 always
is one of the solutions of E¢18). There will exist a positive
solution if certain conditions are satisfied. The positive solu-
tion for the laser intensity will be given by

c>0, which means that E¢15) has a positive and a negative Which can be written as

root. Neglecting the unreasonable negative solution, we ob-

tain the driving field intensity for a maximum gain,

2
_E_gz Al 2+ ALl o+A, o 19
2 Bsl3+Bylg+Bylg+By
F(lg)=C3l 3+ C,13+ Cylo+Co=0, (19b
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Gmax

S

FIG. 5. Maximum gain(in the unit ofg?R./y,.y) plotted as a
function of S with y=0.01W,., W=0. Curves(a), (b), (c) are for
Wyp,=0.00W,., W,,=0.01W,., and W,,=0.09VN,., respec-
tively.

where
Cy=T (Wt W+2y), (208
C2=Rpg*(Waet+Wap+ W+ )
+T[1(2Wae+ Wap+ 3W+67)
+370Y(5Wact Wt 5W+97)], (20D
C1=0°Ry[1(Wyc+ 3W,p+3W+57y)
+2y0Y(Wact Wap+W+1y)]
—0%Rel (Wae— Wop+ W+ 39) + T (ygy+1)
X [1(Wyet 2W,p+ 3W+67)
+ ¥Y0(2Waet Wap+ 2W+379)1, (200
Co=0Ry(voy+1)[21(2y+Wgpt+W)
+770(WactWapt W+ y)]
—0°Rel (Y0¥ + 1) (Wae— Wap+W+37)

r
+ 5 (Yo + DA 21(W+Wopt2y)

+ ¥Yo(Wact W+ Wyt ). (200)

As C3,C,,C,>0, F(l,) monotonously increases with,,

1 dAl, I AdG+ALlgtA

__:2 -
Al, dt 2 9 BLI3+B,I2+B,1 4+ B,

. 92|o
(Bgl3+Byl5+ Byl o+ Bg)?

X[Ba(Agl 5+ Ag)13+2B3(Aslo+Ag)13

—A;B115+Ba(Alg+ Ayl

+ (AgB2—2A1Bg)l o+ (AgB1—A1Bp)].
(21)

For the solution of a zero laser field, the second term is equal
to zero. If the linear gain is larger thdii2, the first term is
positive, we will have
1 dAly
Aly dt

>0.

Consequently the zero solution is unstable. If the linear gain
is smaller tharl'/2, the first term is negative. In this case, the
zero solution is stable because of

1 dAlg 0
Al, dt

Now let us consider the nonzero solution. For a nonzero
solution we have Eq193, i.e., the first bracket on the right-
hand side of Eq(21) is equal to zero. From E@19a we can
obtain (A,1 2+ A,l,+A,)<0. Here the fact thah,, A;, B,

B,, By, andB, are always positivgsee Eqs(10)] has been
taken into account. Consequently, three inequalifigscO,
A,l 3+ A,<0, andA,l,+A,<0 can be obtaine¢hote posi-
tive A, andA,). From the three inequalities and positifg,
A;, Bs, B,, B, andBgy, we can conclude that the second
bracket on the right-hand side of EQ1) is negative and

L dalo_
Al dt

Therefore, any fluctuation will die out, and the nonzero in-
tensity is stable when the linear gain is larger than the loss.

V. LASER FIELD AMPLITUDE (INTENSITY )

After being sure that we can have a nonzero stable laser
field whenCy<<0, now we analyze the requirement for the
driving field and the atom in order to ha®<0. From Eq.
(20.4), we find

D(1)=12T(W+W_,+27)+1[29%Rp(2y+ W,p+ W)
- ngc(Wac_Wab+W+ 37)]

r
+1 > YYo(Wyet 3W+3W,,+57)

+ ngbVVO(Wac+ Wap+ W+ y)]

. . " r
and, consequently, there is only one possible positive solu- + > 727§(Wac+ W+ W,p+ )

tion. The condition for existing a positive solution@<0.

For the stability analysis, we assume that there is a fluc- <0. (22)

tuation from the steady staté\l,, and then examine the

evolution of this fluctuation. Replacinky, in Eq. (18) with
l[o+Aly, we get

From the minimum value ob(1), we can obtain the maxi-
mum I for having a nonzero laser field
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For I less than its maximum value, we can find a region for
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r

- 29%(R.a18,— Rya384) — 49%\2Ra;8385(R.a; — Rpay)

73’03421

(233

From Eqgs.(239 and(23b), it can be seen that not only a

the driving field intensity, within which a nonzero laser field cavity loss below a certain level but also a suitable intensity
can be established

a3 _artag (23

2a,l’ 2a,l’

In the above, we have defined

a1=Wg— W+ W+ 3y, (249
a,=W,o+3W,,+3W+57y, (24b)
az=W,p,+W+27y, (240
as=—W,t+Wyp+ W+ 3y, (240
as=W,.+W,p,+ W+ vy, (24

a6=

0.7

2

I 50 2
7 VY az+2I'ygyRpazas—I'ypyg“Reaia;

+0[2Rpaz—R.a;1%, (249
I 2 2
ar=y5 YoYasz+9°Re.a;—29°Rpas. (249

for the driving field are needed if we want to get a laser
output. That is to say the driving field should be strong
enough but not too strong. In Fig. 6 we pldg as a function

of Q with W,,=0.00W,., y=0.01W,., andW=0, S=1.2

for different losses"=0.019°R./ y,.y, I'=0.00°R./ ..,
I'=0.09°R./ ..y, I'=0.1g°R./ .7, respectively. It shows
that there is a region for the Rabi frequency of the driving
field O where we can have a nonzero laser fi€lg, and
there exists a maximum laser field. When the Rabi frequency
of the driving field is below a threshold, the intensity of the
laser field is zero due to negative gain or the gain is smaller
than the loss. When the Rabi frequency of the driving field is
above a certain value, the laser field becomes zero again.
This is due to the decrease of the gain into a value below the
loss for a large Rabi frequency of the driving fidkske Fig.

3). Here we would like to point out that under the conditions
shown by Eqgs(23), the zero solution is unstable.

When the loss is smaller than the maximum linear gain,
there exist two critical Rabi frequencies for the driving field
at which the linear gain is equal to the loss. When the Rabi
frequency is out of the region determined by the two critical
Rabi frequencies, the linear gain is smaller than the loss, and
we have a stable zero laser field. When the Rabi frequency is
located within the region, the linear gain is larger than the
loss, and we have a stable nonzero laser field.

In Fig. 7, the dependence @b, on S is shown with
I'=0.10°R./ v..y, y=0.0W,., W=0, Q=0.3W,., and

0.18

GO
0.06
a
b
0.00 L .
1.0 6.0 8.5 11.0

FIG. 6. The dependence of the stable solution of the laser field
Qg (in unit of W,¢) on the driving fieldQ (in unit of W,.) with
S=1.2, W,,=0.00W,., W=0, y=0.01W,.. Curves(a), (b), (c),
(d) are forl'=0.01,I'=0.02,'=0.05, and"=0.1, respectivelyI" is
in the unit ofg?Re/ yacy)-

FIG. 7. The stable solution of the laser figlg (in unit of W)
againstS with W=0, y=0.01W,., 0=0.3W,., '=0.1g9%R/ y,.7.
Curves(a), (b), (c) are for W,,=0.00W,., W,,=0.01W,., and
W,,=0.08WV,,, respectively.
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FIG. 8. The stable solution of the laser figlg (in unit of W,) FIG. 9. The dependence of the stable solution of the laser field

againstW,/W,, with W=0, y=0.01W,., 0=0.3W,., S=1.2. Qg (in unit of W,¢) on the driving fieldQ (in unit of W,.) with
Curves(a), (b), (c) are forI'=0.01,I'=0.05, and['=0.1, respec- S=10, W,,=0.00W,., W=0, y=0.01W,.. Curves(a), (b), (c),
tively (I" in the unit ongRC/yacy). (d) are forT'=0.01,I'=0.02,'=0.05, and"=0.1, respectivelyl" in
the unit ofg?R./ y,c7y). For each couple of curves, the higher one is
the approximate solution given by E®5), the other one is same

with W,p=0.09N,¢, Wap=0.01W,¢, andW,p,=0.00Woc.  yith the corresponding curve in Fig. 6.

It can be seen that smal and large ratioV,/W,, yields a

high laser field, a_nd the laser field decreases sharply vyith theel 115, is the lower lasing level|b)) and the triplet state
increase of. In Fig. 8,_the dependerE:e ﬁfog” Wa/Wab IS 23p_ is the upper lasing leve(4)), while the 2°S, serves as
shown with S=1.2, y=0.0W,c, W=0, 0=0.3Wac, and  he third(nonlasing level (/c)). The laser transition is from

. . . _ 2
with different  cavity ~ losses (I'=0.1g°Rd/¥acY. — 23p, 19 115, with a wavelength of 59.1 nm. The decay rates
F:O()@ RC/ Yac?: F:OOJ.g RC/ ’yac’y). There is a threshold from 23P1 to 1130 and 2381 (Wab and Wac) are 1.76< 102

for W,/W,;,. Below this threshold the intensity of the laser ¢os1 5nd 16 sec? respectively. Before the beam is in-
flel_d is zero. Above this threshold, with the increase of the]ected into the cavity, the atoms are excited to levésg
ratio W,/ W, the laser field increases promptly first and, g excitation can be realized by a discharge followed by a
then slowly when the ratitV,/W,, reaches about 20. When a6 flight(free decay. In the discharge the atoms are excited

the cavity loss is small and the rat/,/Woy is large 4 g levels, and in the free decay process the atoms decay to

enough, we can have high laser intensity. 115, and 2°S,. In the text, we usefiL5]
Assuming that the laser field is weak, we can neglect the . '
second- and third-order terms in E49b), and have an ap- 127cd Wy, NIV
roximate solutior(first-order resu 2R,/ =0°N/ya(1+9) = 26
p n( It 9"R¢/YacY=9 Yacl ) 0z Wae (1+9) (26)
_CO
lo= c, (25 as the unit for the gain and cavity 084, for the unit of the

Rabi frequencies of the driving field and laser field. In ob-
In Fig. 9, we have compared the approximate solution of thdaining Eq.(26) we have notice®,+ R.=Ny for the system
laser field(), given by Eq.(25) and the exact solution as a Studied above, whed is the atom number in the cavity. We
function of the driving fieldQ with the same parameters as assume a low pressure of 0.2 torr for the atomic beam, which
Fig. 6. We find that the two solutions fit well for a higher YieldsN/V=7.1x10?" m~>. The coupling constar(also the
driving field and poorly for a lower driving field. In Eqe20) ~ decay ratéiV,,) can be increased by using a dc electric7field
we can find thatCs, C,, C,, and C, are the functions of ~due fo the mixture with 2P,. The decay ratey, is 0.5<10
zeroth, first, second, and third orderslofrespectively, and S€C . Consequently, we obtaing®R./y,.y=5.0x10"

naturally our approximation is nice for a higher driving field. S€€ %, whereS=1.2 has been assumed. In the text we took
'=0.01 to 0.3°R,/y,.y (or T=5.0x10° to 5.0x10° seq,

which corresponds to approximately 96.5% to 71.5% mirror

losses with 1 cm cavity length. Therefore, if we have a cavity
Here we would like to consider the conceptual possibilitywith a loss of 10%(correspondingd’=0.02%R,/ y,cy), we

of a noninversion lasing experiment based on this model in @an have a laser field of Rabi frequency more tharka@

beam of He atomsgor heliumlike ion$ [14]. The ground sec? (in the cavity at 59.1 nm(vuv).

VI. DISCUSSION AND CONCLUSION
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The nonlinear theory of noninversion lasers in an operfrequency of the driving fieldis studied. LargeW,J/W,,
three-level system based on electromagnetically inducedalue and smalf value(still S>1) are favorable to the laser
transparency has been obtained. As shown by our analysascillation. However, the Rabi frequency of the driving field,
and calculation, this model can give a stable nontrivial lasein order to have a laser oscillation, must be not only larger
intensity. In order to realize a stable laser output, the Rabihan a threshold, but also smaller than a certain value.

frequency of the driving field must be within a certain re-
gion, which is mainly determined by the cavity loss. The
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