PHYSICAL REVIEW A VOLUME 58, NUMBER 3 SEPTEMBER 1998
Enhanced and reduced absorptions via quantum interference: Solid system driven by a rf field
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We observed quantum interference effects in steady-state optical absorptidfitype three-level system
of PP*:YAIO; where a hyperfine transition between two upper levels was homogeneously broadened by pure
dephasing. Thi¥/-type system was excited by a single driving radio-frequenfyfield and two probe laser
fields (quantum-beat schemeThe probe absorption was constructively or destructively affected by the phase
of the driving rf field. In contrast, under two-laser excitation without application of the rf, no absorption change
due to electromagnetically induced transpareq€jT) was observed. A comparison of observations and
theoretical predictions revealed that the quantum-beat scheme generates quantum interference even when the
dephasing rate between the two upper levels is comparable with the Rabi frequency of the probe laser, and
completely destroys EIT.S1050-294{®8)01609-9

PACS numbe(s): 42.50.Gy, 32.80.Qk, 76.30.Kg

I. INTRODUCTION atomic coherence required to induce EIT.
The quantum-beat scheme, however, often produces

Quantum interference effects, which result in steady-statatomic coherence even in collisionally broadened atomic
absorption and emission in atomic gases being destructivelyases with large collisional dephasing as described in Refs.
or constructively changed, have been widely recognized a$,10]. Our approach to quantum interference in solids is to
fundamental to lasing without inversighWI) [1,2], refrac-  apply this quantum-beat scheme to a spevidype three-
tive index enhancemerj], and high-efficiency nonlinear level system in which the inhomogeneous broadening be-
susceptibility[4]. The achievement of quantum interferencetween the two upper levels is extremely narrow.
in solid systems is a challenging problem, but it would en- In many rare-earth impurity systems in crystals at low
able the development of novel devices such as solid-stat@mperatures, nuclear-quadrupole resonance between two
LWI lasers. nearly degenerate hyperfine levels shows an ultranarrow in-

A typical scheme for inducing quantum interference is ahomogeneous linewidth of only a few tens of kHz, although
three-level system coupled with strong driving laser andhe optical transitions have linewidths of the order of a few
weak probe lasdi5—7]. In atomic gases, this scheme usually GHz [17]. This narrow hyperfine transition enables the rf
produces the cancellation of probe absorption due to destrudield to directly drive almost all of the impurity ions in a
tive interference(electromagnetically induced transparency; crystal and also allows the two lasers to excite the same ions
EIT) [5—7]. Absorption cancellation occurs under the condi-Via two-photon resonance.
tions of two-photon resonance. These impurity three-level systems may resemble the

Another scheme for quantum interference is a three-levePoppler-broadened atomic three-level systems with two Zee-
system with closed excitation by two probe fields and ongnan(hyperfing levels in two nearly degenerate levels being
driving field such as a radio-frequenay) field [8—13. This  unresolved because of inhomogeneously broadened optical
scheme, which is shown in Fig(d), leads to the quantum- transitions. In Doppler-broadened atomic gases, the modula-
beat laser[8—11]. Kosachiov et al. showed that in this tion of absorption and emission due to interference effects
“quantum-beat” scheme, the two probe absorptions ardave already been observed as far back as the 1d@)s
strongly dependent on the total phabe= — ¢, + ¢,+ ¢ of ~ Thus application of the quantum-beat scheme to impurity
the three electromagnetic field42,13, where ¢;, ¢,, systems with two nearly degenerate hyperfine levels is a
and ¢ are, respectively, the phases of probe 1, probe 2, angromising approach for achieving solid-state quantum inter-
the driving field. When the two probes satisfy the two- ference.
photon-resonance condition and their phases are fixed, the

two probe absorptions can be changed easily both destruc(a) (b)

tively and constructively by the phageof the driving field. s Energy (cm) 1» 092 MHz
The aim of this study is to generate quantum interference Driving .o, o 'D0) {|¢%> 1 <= FRF

in steady-state optical absorption in a solid medium using the S Field 123> 157 Mz

quantum-beat scheme. Solid media normally show large, ' . 12> abe orobe orobe 2

dephasing, and this generally completely suppresses EIT (1)

Quantum interference due to EIT almost always requires a 51—— 11>

specific three-level system containing a long-lived level for o _Ha®) {|;§> L T06MHz

which the relaxation is very slow. At present, solid systems 1> £§> e 14.10MHz

that have been reported to show EIT are limited to only two
examples, ruby14] and P#*:Y,SiOs [15,16. This suggests FIG. 1. Schematic energy diagrams fay ideal V-type three-
that in a number of solid systems, dephasing may destroy thevel atoms andb) 3H4(0), *H,(1), and'D,(0) in PFT:YAIO.
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In this article we report an observation of enhanced andtant. To generate these probes, we applied amplitude modu-
reduced absorptions due to quantum interference in a solidtion to the output of a single laser with acousto-optic
medium induced by the quantum-beat scheme. We selectednaodulators(AOM) as described in Ref21]. The intensity
PP*:YAIO, crystal as the solid medium. This crystal has aof the amplitude-modulated output from the AOM is given
V-type three-level system in which the hyperfine transitionby
between two upper levels is homogeneously broadened by
pure dephasing. The hyperfine transition was driven by a rf
field, and excited by two probe lasers.

Many rf-optical double resonance experiments that are
relevant to this report have been carried out in rare-earth Ao
impurity systemg17]. These works contribute to a detailed = ?Siﬂ{(wpL wctwam)t+ dof
understanding of optical pumpin@ersistent hole burning
photon echo, nuclear-quadrupole interaction, and relaxation A, .
phenomena. We, however, focus on quantum interference. A + 7S|n{(wl_+ wc— wam)t+ ¢o}
comparison of observations and theoretical predictions re-
vealed that the quantum-beat scheme generates quantum in-
terference even when the dephasing rate between the uppaherew,_ is the laser frequencyy is the carrier frequency
levels is comparable with the Rabi frequency of the probedriving the AOM, way is the amplitude-modulation fre-
laser, and completely destroys EIT. quency, ¢, is the phase of laser field, ag, is a constant.

Equation(1b) shows that the amplitude-modulated output
consists of two coherent fields with different frequency com-
IIl. EXPERIMENTS ponents and identical phase components. The two-photon-
A. Pr3*:YAIO 5 resonance condition can be satisfieda, = wn/2 by tuning
wpy - Also, the two probes are always phase locked together
. . o ) because\ ¢ is automatically held at 0°. Using this method, it
level diagram of the impurity ion PF(1=5/2) in the host "5, possible to make the two probes overlap perfectly in
crystal YAIO; [17]. The two probe [ransitions which are 10 yhe sample and to clearly resolve the hyperfine transitions as
be modified correspond tGH,(0)-"D2(0). This includes jhe Aw/2m accuracy(spectral resolutionis less than 0.1 Hz.
nine optlcal_}ransnmns _and has a transition frt_aquency Of The amplitude-modulated output from the AOM was at-
]3-6 374'71 cm”. The inhomogeneous linewidth for (o ated to 1-2 mW by neutral density filters. It was focused
H4(0)-"D5(0) is aplproxme_uely 3 GHz and the optical y, 5 diameter of 100—15am within the sample and propa-
population lifetime of"D,(0) is about 160us. L gated along thé axis [22]. The two probe field€; and

The hyperfine transition,|+1/2)-|=3/2) in 'D(0), E,(E,=E,) were polarized parallel to theaxis. The rf field
which ha_s_atransmoq frequency of_O.92 MH_z was chosen aE,f from a rf generator was applied between two copper
the transition to be driven by the rf field. The mhomogeneouiﬂates sandwiching the samplg, was polarized parallel to
linewidth is estimated to be approximately 10 kH8.20,  he 5 axis. Due to the sample size, the maxim{Ex| was
but the optical transitions of_mtgrest are mhomogeneou.slyﬁmited to approximately X 107 Vicm. Its frequencya;
broadened. The population lifetime between the hyperfln%vas tuned tawy,. For this rf field and the above two probes

levels in "D5(0) is 20-30us [20]. produced by amplitude modulation, the total phabe

The main reason for using thetype P :YAIO; system ot b= .
is the ultranarrow inhomogeneous linewidth for the hyperfinethg%]c g(i?]er(gtor(ﬁa\;\vc??hcgnAtg)IUIed by phase locking between

transition inlDz(O).A_smentioned abovg, this na_rrowinh(_)- As described later, quantum interference effects were
mogeneous broadening allows the rf field to directly driveq ooy seen in the total steady-state absorption of the two
almost all of the P¥* ions in the crystal and permits the two robes as a function of the relative rf phagewhere 8= ¢

probes to excite the same ions via two-photon resonance, , 5., is a constant. As shown in the inset of Fig. 2, for

Selecting a medium of this kind is an essential condition for, . 1osed excitation condition o= w=wy, the total
achieving solid-state quantum interference.

transmission intensity(t) of the two probes through the
sample changed markedly depending én Steady-state
probe absorption was estimated from the time-averaged
In these experiments using two probe lasers and a singlgansmission intensityl) and from the emission intensity
rf field, a 0.05 at. % Pr:YAIO; crystal (4x5x6 mm?;  Ig from 1D,(0) to *Hy(1).
Scientific Materials Corp.with laser-quality polished faces
was placed in a liquid-helium cryostat at 8 K. We used a
Coherent 699-21 ring-dye laser operating with rhodamine 6G
as the source for the two cw probe lasers. For the purpose of comparison with quantum interference
The two probe lasers require different probe frequenciedy three electromagnetic fields, we also investigated EIT us-
w1 andw,(w,> w,) which satisfy the two-photon-resonance ing a strong cw driving laser and a weak cw probe laser.
condition. The frequency differenckw= w;— w, must be In the experiments, the output of the single ring-dye laser
equal to the hyperfine transition frequen@y;. In addition, was divided into two beams by a beam splitter, and indi-
the two probes must be phase locked together, that is, theitidual frequency modulations were then applied to these
phase differencel ¢= ¢, — ¢, must always be kept con- beams using two AOMs. The driving laser frequergy and

1+ cos2wapmt

1(t) =[AgSin{( &+ wc)t+ ¢o}]? > ) (1a

2
: (1b)

Figure 1b) shows a partial electron-hyperfine energy-

B. Quantum interference experiments

C. Two-photon-resonance experiments
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FIG. 2. Individual rf phase dependences(bf) andlg (solid  {ion of the probe detuningw— w()/21.

lines, measured at|Ey/=2x10?V/cm and Aw/27m=wq (27
=wp 127=0.92 MHz. The dashed line is the theoretical ) ) )
le-0 curve calculated for;=40 kHz, Q;=0,=12kHz, T'{ were strongly dependent ahand oscillated with a period of

=6kHz, T{Y=T{)=1kHz, T';,=35kHz, T';;=I',;=2kHz, . The change in steady-state probe absorption was esti-
and a=—0.127 using Eq.(5). The inset shows a series bf(t) mated to be approximately 25% from the difference between
curves at different values of. the maximum and the minimum of tHe-6 curve. In addi-

tion there was a slight phase difference of approximately
the probe laser frequeney, were independently determined 0.127 between the two individual curves.
by these AOMs. The above phase-dependent probe absorption is qualita-

The driving and probe beams from the AOMs were ad-tively explained by assuming two pathways of excitation,

justed to approximately 20 mwW and 0.5 mW, respectively.one_photon absorption|3)—|1)) with the single field
Theg,r(?1 two bea_lms We:je ;uperimposefd by agotherc?eam split- sin(@it+dy) and stepwise dipole absorption3f—|2)
e o s s ooty gt 2111 with 1 oo il B ) and

E sin(ws t+ @) [23,24. If w;— wy,=w, these two path-

alqng th(fb axis.;hel pr?b?hfiedld_i,? W?_S parsllel to thEea ways will interfere with each other via the dipole moment,
axis, and perpendicular to the driving fieih (Ep|lc). D and the steady-state probe absorption will vary depending on

was eliminated by a polarizer in frpnt of the detector. &he phase difference between the two pathways. The results
The spectra for the sample, which were strongly couple o o . . .
shown in Fig. 2 indicate quantum interference in optical ab-

by the driving field, were obtained by monitoring the trans- i
mitted intensityl  of the probe from the sample as a function sorption. - . . . . .
To clarify this point, we investigatet: as a function of

of Sw=wp— wp . Typically, wp was scanned over a 5-MHz o
range, whilewp was held fixed. The spectral resolution was 2« at the specific phase where the-¢ curve showed a

approximately 1 kHz due to the instrument limitations re-Maximum or a minimum. The excited-state population pro-
lated to the phase lock between these AOMs. duced by the above two pathways oscillates under the un-
In addition to two-laser excitation, it may be possible toclosed excitation conditions dfw # w= wps [23,24. In this
generate EIT by using a rf and a laser. In our rf-opticalcase, the total phase is replaced Wy=—¢;+¢,+¢
double resonance measurements, however, EIT was not ob-(w;— w,— w)t=¢—(Aw—wy)t. Thus bothlg and ®
served. Due to the large inhomogeneous broadening for thare functions of time. The time-averaged emission intensity
optical transitions, the number of Pr ions satisfying the (lg) is expected to be relatively independentiad and ¢ at
rf-assisted two-photon-resonance conditions would be exAw# w, because the time-averaged total phase is a constant
tremely small in this case, in contrast to the case of two-laseand independent of w.
excitation. The small EIT signals are probably eliminated Figure 3 shows the excitation spectra f+0.377 and

completely by this inhomogeneous broadening. 0=0.887. |Ey4| and v, are the same as in Fig. 2. For
=0.37m, the spectrum exhibited a maximum&b = w. In
lll. EXPERIMENTAL RESULTS contrast, ford=0.88m, there was a minimum &k w= w.

In addition, both spectra showed a similar intensityAas

# w,s. This clearly indicates that the enhanced and reduced
Figure 2 shows the individual rf phase dependences oprobe absorptions in Fig. 2 arise from constructive interfer-

(I7y andlg, measured atEy/=2x10? V/cm andAw/2w  ence and destructive interference, respectively. Thus we have

= wy 127= wp; 27r=0.92 MHz. As shown,(lI1) and Ig  found experimental evidence for quantum interference.

A. Quantum interference by three electromagnetic fields
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tion of probe detuningdw/27r. The driving laser powely is ap- Sw/2n  (MHz)

proximately 20 mWw.

FIG. 5. Stimulated Raman spectra, measyedvithout and(b)
with a rf field of o /27=0.92 MHz. Here|E 4| =2x 10? V/cm and
Ip=20 mW. The spectral resolution f@w/27 is approximately 5
1. Without a rf field kHz. Note that the signal afw/27=0 MHz is due to stimulated
Rayleigh scattering.

B. Two-photon-resonance by two laser fields

Figure 4 shows the transmission intendigyof the probe
laser as a function afw/27r, measured for a sample strongly
coupled by the driving laser. The incident powey of the
driving laser is approximately 20 mWw.

As shown, there were no EIT signals with sharp peaks at
Swl27m=*0.92 MHz, =*=1.57 MHz, and+2.49 MHz, cor-
responding to the two-photon resonancellhz(O). In the
spectrum, an only broad hole, centereddat/27=0 MHz, Figure 8b) also shows the measured stimulated Raman
was observed. spectrum in a rf field ofw/27=0.92 MHz. |, was ap-

This hole atéw/2w=0 MHz is explained by saturation proximately 20 mW andE;| was the same as in the quan-
effects including spectral hole burning. The hole decayedum interference experiments.
with two exponential components with lifetimes of approxi-  As shown, the spectrum was markedly different from that
mately 16Qws and 6 ms after the driving laser was turned off. obtained without applying a rf fielgFig. 5a)]. Strong stimu-
These were in good agreement with the optical populatiodated Raman signals appeared abw/27=+0.92
lifetime of D,(0) and the population lifetime between the XN MHz(N=1,2,3...), whereas the signals atw/27=
hyperfine levels in*H,(0) [25]. +1.57 MHz and+2.49 MHz were weakened by the applied

EIT in the V-type system requires a fairly narrow line- rf field. Among these, the two peaks @w/27=*0.92
width for the transition between the two upper levels, com-MHz were Raman signals from the 3rions subjected to
pared with the Rabi frequency for the optical transition de-closed excitation by the single rf field and the two lasers. The
termined by the driving lasef7]. The inhomogeneous observed transition linewidth due to pure dephasing was
broadening of approximately 10 kHz for the hyperfine tran-30—35 kHz. This value was much narrower than that ob-
sitions in 'D,(0) was smaller than the Rabi frequency of tained without the rf field.

almost twice as large as the Rabi frequency for the optical
transition. These results indicate that pure dephasing in
D,(0) suppresses EIT.

2. With a rf field

approximately 50 kHz estimated from R¢R1]. Thus the This unexpected line narrowing indicates that dephasing
main cause of suppression of EIT could be the homogeneous D,(0) is partly reduced by adding the rf field to the two
linewidth for these hyperfine transitions. lasers, but the details have not been fully understood yet.

The homogeneous linewidth for the hyperfine transitionsThis reduction of dephasing probably contributes to the
can be estimated from stimulated Raman spd@@& In our  quantum interference characteristics shown in Figs. 2 and 3.
stimulated Raman measurements, the spectra were obtainedIn addition, the strong peaks atv/27= +1.84 MHz and
by deducing the contribution of the saturation effettack-  Sdw/27= *+2.76 MHz are Raman signals from®Prions that
ground probe absorptigrirom the probe spectrum in Fig. 4 have interacted with two and three rf photons, respectively.
[26]. The powerly of the driving laser was adjusted to ap- We will report the details of these unusual nonlinear pro-

proximately 20 mWw. cesses separately.
As shown in Fig. Ba), weak stimulated Raman signals
were observed in the spectrum étu/2w=i0.92 MHz, IV. DISCUSSION
+1.57 MHz, and+2.49 MHz, exactly corresponding to the
hyperfine transitions in*D,(0). The observed transition To achieve a better quantitative understanding of the

linewidth of 80-90 kHz[full width at half maximum quantum interference characteristics if 'PiYAlO ; showing
(FWHM)] indicated that the individual hyperfine transitions large dephasing in'D,(0), a comparison was made with
were homogeneously broadened by pure dephdfifetime  theoretical predictions based on the quantum-beat scheme.
broadening is approximately 6 kHi20]). This linewidth was We investigated both steady-state probe absorption and
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atomic coherence in the two upper levels as a function of thedp,, j _ j j
rf phase by density matrix analysis. Our analysis was essen=j~ = 5 € ¢913—591P21+ 5{22(p33= p22) ~T'aaps,

tially similar to the theoretical analyses of Kosachietval.

(3f)

[12,13. The main differences were that we studied the quan-

tum interference characteristics under conditions where the
dephasing rate between the two upper levels is comparable
the Rabi frequency of the probe lasén the analyses by and 12),

yshereT'() is the decay rate of the population betweéj
r{y and 'y are the respective spontaneous

Kosachiovet al, the dephasing rate is assumed to be muctemission rates froml) and|2) to [3), andT'y, is the total
smaller than this Rabi frequengyand that we took into ac- decay rate fofm)-|n) containing the dephasing component.
count the lifetime effects for the hyperfine transitions and the The probe absorptionis, and|g are given by

dephasing effects for the optical transitions.

A. Probe absorption

In the following calculation, we assumed that the perfect
triple-resonance condition ddw,=Aw;=Aw,=0, where

Awrf=wrf—w12, Aw1=w1—w13, Aw2=w2—w23, and
omn(M,n=1,2,3) is the transition frequency ¢)-|n). In

addition, the total phas® = — ¢+ ¢,+ ¢ was taken to be
equal to¢, because ofp;= ¢, in our experimental condi-
tions. Within a rotating frame, the time-independent interac-

tion Hamiltonian is given by
" 0 Qzel?® O,
Hine=— 5| O e 0 O
04 Q, 0

: )

whereQ; e /% is the complex Rabi frequency fot)-|2),
and ), and Q, are the Rabi frequencies fdi)-|3) and
|2)-|3), respectively. Fromdp,,/dt=[Hy,plmn/j%, the

[A=Q1IMp13+QsIMpys, (48
le=T1p11+ T8 po0. (4b)

Here, |, and(l;) are connected by Lambert’s law. To seek
steady-state solutions, we set the derivatives in(Bgequal

to zero. At Q;=0,=0Q, T13=Ty;u=T, and '{Y=T
=I'M), we obtain

rw (5

IAZIE:

AC+ 2Bsin2¢>
AD+3Bsirt¢/

where A=(Q%+4T%){Q%+T 2T Y +T M)}
+202r2rH+rH+1,,)-02(202-0%, B=020*
(T1,+2T)2, C=407TI', and D=TMTI(Q5+4T?)
+20°T ('Y +3T,,), respectively.

evolution equations for the density matrix elements can be Equation(5) shows that , andlg are strongly dependent

written as

dpyr | —j j -
ar EQrf e ]¢P21_§Qrf ep1;

]
+591(Pal_913) —(T+TE)p1+ T pa,

(39
dpo j i j ;
at EQrf e ]¢P21+§Qrf e%p12
j
+§QZ(P32_p23)+F(1L2)pll_(r(1l_2)+r(2|5>)9221
(3b)
dps3 J j
W = EQl(pSl_ p13) _592(932_1323)
+T p1+ T oo, (30
dp1r j » j ]
dt :EQrf e 1%(pao—p11) +591P32_ EQZPlB_FMPlZy
(3d)
dpiz j i j j
ar EQrf e '¢P23+591(P33_P11)_592P12_F13P13-
(3¢

on thlef sirf¢ term, which oscillates with periogr. This
oscillation in absorption versus total phase has been reported
by Kosachiowet al.[12,13. As shown in Fig. 2, the theoret-
ical 1g-6 curve, calculated foK) =40 kHz, Q,=Q,=Q

=12 kHz, I''Y=6 kHz, 'Y =T =T =1 kHzI',,=35

kHz, T'13=T",3=1"=2 kHz, anda= —0.127 using Eq.(5),

is in good agreement with the experimental curve.

The coincidence of the experimental and theoretical
curves indicates that even in conditions where the dephasing
rate (approximatelyl’;,) between the two upper levels is
comparable to the Rabi frequency of the probe laser, the
probe absorption is constructively or destructively changed
by the rf phase. In contrast, absorption cancellation due to
EIT is completely destroyed under these conditiohs,(
=01,Q,) [7]. For achieving quantum interference in solids
with large dephasing, the quantum-beat scheme using three
electromagnetic fields is likely to be much more effective
than the EIT scheme using two fields.

The parameters chosen for use in the above calculations
are similar to those in the experiments, except®orandl’
which are the fitting parameters. The snialimplies that the
optical homogeneous linewidth is as narrow as the lifetime
broadening. From optical free induction decay measurements
using an intense laséapproximately 50 m\/at 8 K, how-
ever, the linewidth was estimated to be approximately 100
kHz. The closed excitation by the rf field and the two lasers
may cause the suppression of the optical homogeneous line-
width as well as the unexpected line narrowing for the hy-
perfine transitions in*D,(0) as shown in Fig. 5, but the
details have not been fully understood yet.
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FIG. 6. Theoreticalp;,]-¢ curve calculated fof) ;=40 kHz,
0,=0,=12kHz, T{;=6 kHz, I'Y=T{=1 kHz, T',=35
kHz, andI"13=T",3=2 kHz using Eq(6). The curve is normalized
against the maximum valugalue at¢=0, ).

o

B. Upper level coherence

Kosachiovet al. showed that in th&/-type system, probe

absorption is governed by the atomic coherence between the
two upper leveld§12,13. Phase modulation of the rf field
causes the destruction and restoration of this upper level CQ;;

herence. The upper level coherence is given byptheom-
ponent in Eq(3), which can be expressed as

(6)

P12=

AE—]j Fe”’sinq&)
AD+3Bsirt¢ |’

where E=20°TOT  and F=403(Q3—Q%+4T?)(T,
+2I'), respectively. In Eq(6), the modulugp;,| shows the
degree of upper level coherence.

Figure 6 shows the theoreticgli,|-¢ curve. All the pa-
rameters used here are the same as in the ahoealcula-
tions. As shown|pq, was strongly dependent ap. It ex-
hibited maximums atb=0 and ¢ =7, but minimums at¢
=0.57 and ¢=1.57.
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account the experimental results, the upper level coherence
at =0 and ¢= 7 yields reduced probe absorption in the
(I1)-6 andl g-6 curves in Fig. Adestructive interferengeln
contrast, the destruction of the coherencegat 0.5+ and
¢=1.57 produces enhanced probe absorption in these
curves(constructive interferenge

In addition, the result in Fig. 6 directly shows that the
upper level coherence can still be controlled $yeven in
conditions where dephasing between the upper levels is large
enough to destroy EIT. In other words, the upper level co-
herence generated by the quantum-beat scheme overcomes
this dephasing. This is a distinguishing characteristic of the
quantum-beat scheme.

Finally, it should be noted that our arguments are limited
to the contribution of quantum interference effects to probe
absorption. Quantum interference also appears in spontane-
ous emissio27]. In this case, the decay rates, including the
spontaneous emission rates, are thought to be dependent on
the phase of the rf field and these are not constant as assumed
in the above analysis. It seems that the slight phase differ-
ence between the two experimental curves in Fig. 2 is closely
related to this effect.

V. CONCLUSION

We have succeeded in generating quantum interference in
eady-state optical absorption ivatype three-level system

of PPT:YAIO ; showing large dephasing in the upper levels.
This was done using closed excitation by a single rf field and
two lasers(quantum-beat schemelhe absorption was con-
structively or destructively changed depending on the phase
of the rf field. Comparison with the EIT characteristics pro-
duced by the two lasers suggested that the quantum-beat
scheme was effective in achieving quantum interference in
solid mediums with large dephasing. In addition, density ma-
trix analysis indicated that even in conditions where the
dephasing rate is comparable to the Rabi frequency of the
laser, absorption is strongly dependent on the atomic coher-
ence induced in the solids by the phase of the rf field. We
expect it to be possible to generate quantum interference in
various solid systems using the quantum-beat scheme. We

The upper level coherence generates a coherent superpmiso expect the introduction of atomic coherence into solids

sition of (|1)—|2))/\/2 in the two upper levels. This eigen-

to dramatically change not only optical properties but also

state causes reduced absorption, because the upper levels atiger characteristics such as magnetic and dielectric proper-

optically decoupled from the lower levéB). Taking into

ties.
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