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Quantum beats induced by spectral diffusion between independent two-level systems
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We analyze theoretically the time-resolved signal detected in three-pulse, photon echo experiments where
several independent two-level systems are involved, in a case when the timeTdettyeen the two last
pulses is much longer than delaybetween the two first pulses. A spectral diffusion process on a long time
scale is included in the calculation of thedependent response signal. If spectral diffusion occurs between the
different systems, the signal exhibits quantum beats instead of the polarization interferences observed without
spectral diffusion. This analysis provides different insights on dynamical processes and spectroscopy, as dem-
onstrated in examples of experimental results obtained on vibrational dynamics of molecules embedded in
matrices.
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[. INTRODUCTION of third pulse$ are thus the following ones in the bunch of
either the first pulses or the second ofefsFig. 1). The time
Time-resolved four-wave mixinflR FWM) experiments  delayT, between the first and the third pulse, or between the
performed with short-pulse lasers are in constant developsecond and the third pulse, is fixed : it is the inverse of the
ment, especially for semiconductor nanostructUrlsand  repetition rate of the pulses of the laser source. This delay is
molecules in condensed phalsd]. These experiments give in the nanosecond range, much longer than the tunable time
essential information on dynamical processes. We discuss i@elay = between the two first pulses in the tens of picosec-
this paper one color TR FWNIOC TR FWM) experiments, onds. Spectral diffusion would be thus an important process
usually named three-pulse photon echo experiments. Cohele be taken into account during tinig , and may be ne-
ence, population relaxation, and also spectral diffusion proglected during time delay.
cesses can be studied from the observed signal related to the In the first part of the paper, we evaluate theoretically the
third-order polarization of the samp[@&]. Ultrashort pulse consequences of spectral diffusion on the detected signal and
sources allow the resonant excitation of different coupled oin the second part, we compare the model with the experi-
uncoupled transitions in the same spectral range. In specifiiental results.
cases, the resulting time-resolved signal involves oscillations
corresponding to beat frequencies between pairs of these Il. THEORETICAL CONSIDERATION
transitions. Analysis of these oscillations in terms of their ) i )
period, phase, and amplitude provides information on their The signal reSl_JIts from the interaction of laser pullses fol-
origins and on new properties of the samglés 7. !owm_g only_two_dlfferent wave vectorls; andI_<j . It radiates
Recently, we have carried out OC TR FWM experimentsin @ fixed direction k=2 k;—k;. The notation used, from
on vibrational transitions of small moleculé80, DCl) em- ~ Mukamel's book[11], includes a time-ordered process : in-
bedded in van der Waals soli@8,9]. Different species can dices 1,2,3 for the first, second, and third pulse, respectively.
be excited in the same sample, e.g., monomers and dimer&here are two casesa) k; =k;,, followed byk,=k; and(b)
isotopic DF*Cl and DF'CI, which have vibrational transitions Ki1=ki, followed byk,=k;, in any cas&;=k;. (&) and(b)
with very close frequencies. We discuss here the total tim&orrespond to positive and negative, respectively, delay
integrated OC TR FWM signal versus time delapetween
the two first pulses in such kind of configurations that corre-
spond to the coherent excitation of several species. Without
spectral diffusion, the signal would exhibit polarization inter-
ferenceq4] involving the response signals of each species. (a)
In the molecular systems we studied, spectral diffusion can ©T ¢ 12 3 ¥
occur on nanoseconds to microseconds time scales, a long
time scale, due to intermolecular vibrational energy transfer 12 3 3 : t
between the trapped moleculég-y transferg [10]. The ex-
perimental setup, described in RE8], is that of a two-pulse ¢ T 12 3 3
photon echo experiment, with only two directions of propa- ' | | |
gation of the laser beams; as the laser so(mdeee-electron
lasep generates bunches of pulses, there are two bunches of
pulses interacting with the sample. The third pul&ebunch FIG. 1. Time ordering of the pulses: definition of time®n the
top, of timesr andT, in the experimentda) 7>0, (b) 7<0, pulses
following wave vectorsk; andk, in bold lines and dotted lines,
*Electronic address: claudine.crepin-gilbert@ppm.u-psud.fr respectively.
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of the paper, we will use a notation in brackgisor specific doRy(ts,ts,t1, 0)g(w)

expressions corresponding to tfl® case. The wave vector -

of the fourth wave, the signal one, @) [(b)] case iskg =G(ty— [+ ]ts)N|w|*exd — (t;+1t3)/T,]
=Kap)=Kz+[— ]k, —[+]k;. The external fieldE(r,t) is

the stimulated photon echo sigr(&lg. 1). For the remainder jm

X(exd —t/Ti]+exd —t,/Tgy])

E(r,t)=E1(t+T+ T’)eXF{i(klr—ZTrwﬂ)] :X(tl_[+]t3)Ra[b](t31t21tly<w>)- (3)

In the general case of a symmetric inhomogeneous distribu-

Xexfdi(ksr—27wt)]+c.c, tion g(w) centered tq w), x(t) is a real and even function.
Using Eq.(3), Eq. (1) becomes in the impulsive limit,
wherer' >0 andT>0 are the time intervals between pulses

No. 1 and No. 2, and between pulses No. 2 and No. 3 re- 3)s) — i\® , ,

spectively; (@ 7'=7 and T=T,, (b) 7'=—7 and T=T, PEU= 7| X(7" = [+]O)Rqp (1. T,7 ()

+ 7. The time-integrated FWM detected sigh&(7)] is re- Ll 1] _ ,

lated to componenk,=ks*k,¥k; of the third-order non- XE3E;"El exp — [+ ]2imwi 7). (4)

linear polarizatiod P®)(t)] by S(7) = [5dt|PG)(t)|2. With- . - _ _

out spectral diffusionP@)(t) is given[11] by Without any spectral diffusion$(7) is obtained from Egs.

(2) and (4),
(3) | 3 00 [’} oe) + o
PEn= %) fo dt3fo dtzjo dtlJ_w dog(w) S(T)=Aexp(—2|r|/T2)f dt|x(t— 7)|2exp — 2t/T,),
0
><Ra[b](t3,t2,t1,w)exp{2i7Tw|(t3—[+]t1—t)} (5)
X Eg(t—ta) ESFI(t+T—ty—ty) where A= (1/4)°N?|E3E,E,|?| u|[exp(~T/T)+exp(T/
«[1] ) Tg)]z. Equation(5) results in the well-known behavior of a

XETH(t+TH 7" —tg—tr—ty). (1) homogeneous transitiofy(t)=1] with a symmetric de-

creasing of the signal versys|, and in that of a strongly

t123 are the three ordered propagation periods fill time inhomogeneous transitidy(t) = 8(t)] exhibiting a lifetime
between the action of pulses No. 1 and No. 2, No. 2 and Nogqual toT,/4 for 7>0.

3, the action of pulse No. 3 andrespectivelyFig. 1); g(w)
is the inhomogeneous distribution of transition frequencies; 2. Total spectral diffusion
Rarp(t3,t2,t1,0) is the nonlinear-response function that
contains all dynamical informatiofl1-13.

We assume that the laser-pulse duration is short compar
with molecular dynamical constants aB¢r) will be calcu-
lated in the impulsive limif E;(t) =E;5(t)].

If spectral diffusion occurs during periad the nonlinear-
gsponse function for a given transition frequenrgyannot
e used in Eq(1) and, in the case of characteristic diffusion
times much shorter than deldy(total spectral diffusioj the
integration over the last periods) must be joined by an-
other integration over the transition frequency distribution
A. Single two-level system [3,8]. Equation(1) is recast in the form

1. No spectral diffusion

i\ 3
| o) 00 [’} + oo
For a single two-level system, invoking the rotating wave P(s)(t):(g) N|M|4f dtsf dtzf dt1f dwg(w)
approximation, the nonlinear response function is written as 0 0 0 -

+ 00
Rapby(t3.t2,t1, @) = N| | *exp{2i m(t;—[ + ]t3)} xXexp 2i moty] f_m do’g(w’)
x(ex ~t/Ty]+exd —t2/Tg)) X expl — [ +]12i 7o tshexp2i meo (t—[ + Jt;— 1))
exd (Lt ta)/ T2, @ X ex — (ty+t3)/ Tl (exd — t, /T4
wherey is the transition dipole momenl is the population +exp[—tleg])E3(t—t3)E§[*](t+T—t3—t2)
of the two-level system according to the assumption that at 1] )
t=—o, all the population is in the ground stafg; is the XET W (t+TH 7 —t3—t—ty). (6)
dephasing time of the transitioil,; is the excited state re- ) o
laxation time, andT is the ground-state recovery time. In the impulsive limit, we get

Introducing G(t), the Fourier transform ofj(w), and

X(t):G(t)exp(—2|7T<(1)>t), where <w>=ff§dwwg(w) is S(T):AeXF{_2|T|/T2]|X( T)|2fmdt|x(t)|2exq_2t/T2].
the mean frequency of the transition, the inhomogeneous 0
contribution is involved in a time function and we get (7)
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S(7) is a symmetric function ofr, directly related to the °c )
Fourier transform of the absorption profiteG(7)exd —|7/ So(7)= o dt|x(t—7)["exd — 2t/T,],
T,] [3].
B. n-two-level systems Se(7)= Jo dt| x(t— 7)|%exd — 2t/T,]cog 2 ét],

S(7) results from the summation of the nonlinear polar-
ization overn systems:P®)(t)=3"",P)(t). The inhomo- » _
geneous distribution of  frequencies  iSG(w) Sy(7)= fo dt|x(t—7)|%exd — 2t/T,]sinN 2 at], (11)
=3 Nigi(@)/ZL1N; and, with N=3N;, Gi(t)
=31 Nixi(t)exdg2im(w)tVN, whereN; and (w;) are the
population and the mean frequency of sysiemespectively,
xi(t) is a real and even function, assuming that each system

we get

i has a symmetric inhomogeneous distribution of frequen- A
cies. S(7)= sex — 2| 7|/ To][(1+ a?)So(7)
(1+a)
1. No spectral diffusion +2a{cog 27 87]Sy( ) +si 2m67]Sy( 1)} .
Without any spectral diffusionP(®)(t) is expressed by (12)
Eqg. (4) and

This expression corresponds to the polarization interferences

- 3 .y .
I 4]. Homogeneous transitions result in
P(3)(t)=(g) EE3TE; Mexp{— [+ ]2i mw 7'} [4] 9

n A T,
le {Nil il xi (7' = [+ 1) exp(2i m(w;) S(n)= (1+a)? 76XF{_2|T|/T2][(1+Q2)

r_ _ aYas — ()
X LI en (7T ex T +%(COS{ZMTHWﬂzsmw&])].
+exd —T/TE)} ®) LrmoT

In th . al vzed in Sec. III " The signal exhibits oscillations involving an asymmetry due
n ne experimental case analyzed in Sec. [l SySIeet- ;4 dephasing time different from zero.

respond to vibrational transitions of different isotopic species Large inhomogeneously broadened transitions result in

or of different very weak complexes of the same m°|eCU|eS(7-)=Aexp[—4r/T2]0(r), whered(t) is the heaviside func-

and we may assume tion : the signal has the same feature as that obtained with
_ _ _ only one excited transition.
Vi, T9=T,, T{=T,, Tg)ZTg, M= s In Appendix A, the expression has been calculated using a
Lorentzian shape for the inhomogeneous distribution. Ex-
so that the total inhomogeneous distribution is directly in-2mples of signals are represented in Figs) and 2b). The
cluded in Eq.(8) and obtained analytic expression shows clearly that there is no
modulation of the signal resulting from the rephasing pro-
. cess, i.e., the real photon echo processFig. 2a)].
— 2
S(m=Aexd 2| Tl/T2] fo dt|Gt°t(t T)l exfl —2t/T]. 2. Total spectral diffusion within the inhomogeneous distribution
9 of each two-level system

We have to sum the expression H&) over indicesi,
In the casen=2, with the same inhomogeneous distribution Whereg(w) and g(w’) represent the same inhomogeneous
for both transitions] x1(t) = x»(t) = x(t)], using notations djstribution. We get
5=w,—w; anda=N,/N;, we have

i\ 3
|
P(3)(t)=(%) EsE3IEY Mexp —[+]2i me 7'}

A o)
S(r)= exit—2|T,1 | “dy(t— )P

(1+ a)2 n
X expl — 24/ T,]{1+ a?+2a cog 2w 8(t— 1) I} X 2 GG (- [+ ION
(10 xex — (7' + 1)/ TV (ex — T/T]
Introducing Sy, s functions as +exd —T/ITPD}, (13
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0s] @ 05| ©®

FIG. 2. Simulation ofS(7) on two two-level
systems with an inhomogeneous Lorentzian dis-

< tribution [(full width at half maximum FWHM
= % 001 =y lml; y=1UT,, a=05. (@ y+%=28 ¥
* 3 3 3 3 T I =19y _(dotted ling, y,=7v (bold line), y=19y,
= (gray ling. (b), (c), and(d) y,=7v; v+ =24/3
& o0s5] © 05| @ (dotted ling, y+ y,=26 (bold ling), y+y,=66

(gray line. (a) and(b) Without spectral diffusion,
Egs. (12) and (Al); (c) total spectral diffusion
within each system, Eq$14) and (A2); (d) total
spectral diffusion within both systems, Eq47)

and(A3).
0.0/
2 0 2 2 0 2
4 i
With n similar transitions in terms off,,T,,T4, x, and s i\3 e les[1] _
x(t), the expression of the signal is simplified PO(t)= 7| EsE2 "Bl exp—[+]2imw 7'}

n

% XE {NiGi(7")|wilPex — 7' IT]}
S(T):AeXF{_2|T|/T2]|X(T)|2fO dt| x(t)|%exf —2t/T,] =1

n
2 XE
=1

n

N; .
X 2 WGXQZI (@) (t—7)]

=1

NG (L 10w
N I Mj

xexq—t/Tg')]] f(Tpop): (195

Interferences between transition frequencies are expressed iri1 . . .
. n . where f(T,,,) is a function of T and of the different

the same way as in Eq9) by |=;(N;/N)exd 2im{w)(t N Pop (i) .

~AJ2. With n=2, using Eq.(11), S(7) is given by population times, very long compared @;’; f(Tpop)

' ' e =exd —T/T,]+exd —T/T,] in the case ofn transitions in-
volving similar population relaxation times. With similar
transitions in term off,,T,,Ty, and u, the expression of
the signal is simplified

A
S(7)= (l+a)zexri—ZlTI/Tz]IX(T)IZ[(Haz)So(O)

Str) = A exif~ 2/ AT, 1|Go 1) | atGen(t)?
+2a{co§2757]S.(0) +siM 27 67]S4(0)}].

(14) Xexg —2t/T,]. (16)

This expression is equivalent to Ef) where we consider
the set ofn transitions as one inhomogeneous transition.

o 2
Within the envelope ofx(7)|*, the asymmetry of the tem- gy has thus a symmetric shape and is directly related to the
poral signal, involving oscillations, appears with a behaviorgg rier  transform  of the whole absorption  band

very similar to the case where no spectral diffusion occurs, g (exd —|4/T.1. If n=2 with ) = v-(t) = v(t
[cf. Eq. (12)]. This feature can be observefig. 2(c)] with toi 7) XA —|HTe] () =x2()=x()

the expression developed in Appendix A. 2

_x()] )
=A Xl —2|7|/To](1+ a®+2a co§ 2m57])

SD=A e

3. Total spectral diffusion over the whole inhomogeneous

distribution X f dt|x(t)|%exd — 2t/ To](1+ o+ 2a
In this case, the sum of the expression &j.over indices 0

i must be performed witg(w') covering all the inhomoge- X cog 27 8t])
neous distributions g;(w’), i.e., g(w’) becomes
31 (Nj/N)gj(@"). We get ie.,

013401-4



QUANTUM BEATS INDUCED BY SPECTRAL DIFFUSION.. .. PHYSICAL REVIEW A7, 013401 (2003

2
S(T):A('fi7)|)4exq—2|7'|/T2]><(1+a2+ 2a
o

X cog2m87r])[(1+ a?)Sy(0)+2aS:(0)]. (17)

S(1)

There is no dephasing in the oscillations involvedSfr)

and the maximum of the signal is obtainedratO, contrary

to the results of Secs. 1B 1 and Il B[Fig. 2(d)]. These
modulations have the same behavior as modulations due to
guantum beats obtained in OC TR FWM experiments in sys- 0
tems involving several transitions including a common level . . , .
(\/ or /\ diagrams [4,14]. Spectral diffusion between the -0 -20 0
independent two-level systems induces an oscillating behav- B {ps)

ior in the nonlinear-response signal, similar to that of a sys- g|G, 3. Experimental data on a DCYNsample ¢=0.13%, T
tem involving different transitions from the same energy—g k) (square points curve fit using Eq(A2) (dotted line; curve
level : spectral diffusion has mixed initially independent en-fit using Eq.(A3) (solid line), fits are obtained using:=1/3 and

ergy levels. 5=3 cm ! and lead t0y,,,=0.16 ps* and y,,,=0.10 ps?, re-
spectively; the second case gives a better agreement with experi-
lil. COMPARISON WITH EXPERIMENTS mental absorption data.

The experimental results we discuss have been obtaindfl€ DCl monomers involves four bands within ten wave
on vibrational transitions of molecules isolated in matrices NUMbers between 206273”d 2069 cm two for each isoto-
DCIl and CO in solid nitrogen. The bandwidths including PIC Species (&Cl and D'Cl) with one band assigned to the
homogeneous and inhomogeneous broadenings were mégolated molecule and another band assigned to the molecule
sured from infrared absorption spectra of the samples. A§lose to another DCI molecule trapped in a next-nearest-
DCI and CO are diatomic molecules with sizes very close td'€ighbor site(nnn dimers. All these bands are coherently
that of N,, they are isolated in the well-defined subtitutional €xcited with th_el picosecond-laser source within its spectral
sites of the fcc structure of the nitrogen lattice. The inhomoWidth of 20 cm™=. The experimental results obtained in the
geneous broadening results mainly from multipolar interaciémperature range 7—25 K, involving samples with different
tions between the guest molecules, and more precisely frofencentrations are reported in REF8]. We analyze here the
dipolar interactions. Assuming a statistical distribution of theSignals obtained in the simplest case of a concentration of
guest molecules in the lattice, these interactions produce @U€st molecules, low enough to present only two absorption
Lorentzian inhomogeneous distributigf0,15. A detailed ~Pands assigned to the isolated 35 and 37 isotopic species.
analysis of the CO/N absorption profile reveals in fact a The frequency shift involved is thusé= 3_cm*1
Voigt behavior 16]. We have used either Gaussian or Lorent-=0-09 ps *. The vibrational transition characteristics are
ziang(w) functions, corresponding to the limit cases, in or- not significantly modified f_rom an isotopic speues_to the
der to calculate the time-resolved signal of C@@amples. Other. The OC TR FWM signal can be described either by
Clear difference appears only fer=0 and it does not affect Ed- (12) if the V-V transfer rate is much smaller tharT1/
the behavior of the modulation that we want to analyze. ArP" by EQ.(14) or (17) if the V-V transfer rate is much faster
example of both fits obtained with both of these inhomogeihan 1., with «=1/3 from the natural isotopic abun-
neous profiles is reported in Appendix B on an experimentaflances. o -
result involving only 1 two-level system. For the following ~ ExperimentalS(7) exhibits clear oscillations at low tem-
discussion, we choose to write functioy as y(t) Perature(7—10 K) (Fig. 3). There is a slight asymmetry be-
=exp(~ ylt]), related to a Lorentzian inhomogeneous profilefveen positive and negative times, witt5(7>0)
(FWHM= y, /) itis in a good agreement with the experi- =S(— 7). Such a behavior occurs in the case of a real pho-
mental profiles and it gives simple analytic expressitafs ~ on echo signal, wher§(r) provides from a rephasing of the
Appendix A). different transition frequencies included in the inhomoge-

The reported experimental data exhibit a signal in theeous distribution. Nevertheless, the experimental signal
short time range of picoseconds or tens of picoseconds. Uriannot be fitted by Eq12) because when there is no spectral
der these conditions, the relatipr|<T, (T, is fixed to 16 or diffusion [cf. Eq. (Al)], the oscnlatlons in the positive part
32 n9, is always verified so thaT~T, when r<0, and S(7>0) are smoothed compared with those in the negative

constantA defined in Sec. Il A is the same whatever the signPart. If V-V transfers occur only between guest molecules of
of 7. the same isotopic species, H&2) must be applied, but it

cannot fit the experimental data. The signal derived from Eq.
(A2), as from Eq.(Al), cannot reproduce the clear oscilla-
tion in the negative part. This clear oscillation is only repro-
DCI trapped in nitrogen matrices exhibits a complex ab-duced with a very good agreement with the expression Eq.
sorption spectrumi17] because of the presence of DCI clus- (A3) of the signal assuminy-V transfers between all the
ters. Even at low concentration, the spectroscopic feature ddCl molecules(Fig. 3). In fact, neglecting the small en-

A. DCI in nitrogen matrices
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E &
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400 50 0 50 100 150 200
T (ps) T (pS)
FIG. 4. Experimental data on a concentrated COgBimple ¢ FIG. 5. Experimental data on a CO/Nsample €=0.2%, T

=1%), T=20 K (square points curve fit using a modified expres- =11 K) (square points fits are obtained from expressions given in

sion of Eq.(A3) including two different inhomogeneous distribu- Ref.[8] including a partial spectral diffusion process characterized

tions (see text leading 10y, (CO)=0.033 ps1=0.35 cnt* and Py the time constanTy; curve fit using a Gaussian distribution

Y10l (CO),]=0.015 ps1=0.16 cm * (solid line). (solid line): T4=26 ns andy,,;=0.027 ps1=0.48 cm ; curve fit
using a Lorentzian distributiofidotted ling: T4=23 ns andy,,;
=0.026 ps'=0.27 cm*.

hancement of the signal in the positive part, the oscillations

included in the experimental data are totally symmetric,

which is the signature of spectral diffusion processes in thelight asymmetry with a blue wing larger than the red one.
whole inhomogeneous distribution of the excited transitionsWe deduced that two bands were hidden in this absorption
The slight enhancement observed for 0 is, therefore, as- spectrum, the weakest band involving a blue shift of
signed to a weak rephasing process involving a small propor+ 0.58 cmi ! from the main one. As the oscillations appear
tion of the molecules excited by the first pulse, as what wagnly for a high concentration, the weak band is assigned to
observed in experiments on CGQ/Nampleq8]. In the case  CO dimers isolated in solid )\ This assignment is in agree-
of spectral diffusion, the coherence time cannot be detefment with previous works in matrices on CO absorption
mined fromS(7), only the total bandwidthy,o=y+ 7 IS gpectra : the stretching mode of (GO} observed with a
extracted from the fit of the experimental curve. The fit re-p| e shift in Ar and Kr matrices(shifts are +1.4 and

H _ =1
sults in tht.—0.10i0.01 ps”, whereas a value of 0.06 15 oy respectively [19], whereas calculations have
+0.01 ps " is deduced from the absorption spectrum of theevaluated it to+0.3 cm * [20]. The fit of the experimental

sample. This discrepancy may be explained by the approxi- - . . . .
mation included in Eq.(A3) neglecting the role of nnn time-resolved signal using EGA3) overestimates to 2/3 in

disagreement with the ratig CO),]/[ CO]=0.13 evaluated

dimers. Their coherent excitation induces oscillations withaf tatistical distributi f CO molecules in the latti
periodicity twice as large as that the detected modulation rom a statistical distribution o molecules in the lattice

such oscillations cannot be clearly observed in the 20 p&r ¢=1%. A smaller valuex=0.37 is deduced from the fit

range, but they shorten the signal, leading to a broadening G1OWn in Fig. 4 obtained from E@16) assuming two differ-
Yot deduced from the time-resolved experiments. ent inhomogeneous Lorentzian distributions for the two tran-

sitions. We have, thus, verified that the parameters deduced
from the fit agree with the low resolution absorption spec-
trum of the sample, indicating thdtCO),]/[CO]=0.13

_ Time-resolved experiments on the CO vibration in solid 5y e underestimated. In this example, the time-resolved
n|tr|oge(;1 ggve (?emcl)nstrated th‘dtf\f( t.ransffers among the_ experiments have revealed the transition frequency of the
Isolate molecules are very efficient for a concentralion; g gimer in solid nitrogen and the efficiency @fV trans-

€c>0.2%, involving characteristi.c times less than 15 nF at ¢, < petween monomers and dimers.
>20 K [8]. For T>20 K, S() is assumed to result from

total spectral diffusion processes taking into account experi-
mental delayT, =32 ns. In the case of concentrated samples
(c=1%), weak and symmetric oscillations are observed The OC TR DFWM signals give a clear signature of spec-

(Fig. 4) : S(7) reproduces the expected features described itval diffusion processes. We have demonstrated that, under
Sec. I B 3, involving two independent two-level systems.the coherent excitation of several independent two-level sys-
The analysis of the modulation reveals a beat frequency cotems, they reveal whether or not spectral diffusion connects
responding to5=0.583+0.005 cni!. Absorption spectra of the different systems. In the experimental examples de-
these samples have been recorded using a low resolutiatribed, spectral diffusion occurs from energy transfers be-
(0.35 cm') and only one vibrational band, assigned to COtween isolated species in a solid sample. It is well known

stretching mode, has been detected. This band exhibits that such energy transfer can occur between different species.

B. Concentrated samples of CZN,

IV. CONCLUSION
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The time-resolved experiments show, therefore, whether ogxistence of the different complexes, not detected in absorp-
not these energy transfers are more efficient between th#&on spectra because of the nonresolved large inhomogeneous
same species than between all the species that can be coheands.

ently excited. Other spectral diffusion processes may be ex-

amined in the same way, for example, spectral diffusion due ACKNOWLEDGMENTS
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APPENDIX A: S(7) WITH A LORENTZIAN INHOMOGENEOUS DISTRIBUTION

The analytic expressions & 7) are obtained using(t) =exp(—ylt|) and the notationy=1/T,. Equation(12) becomes

S(7) 07| exti—ayr]| (1+a?)— 0 +a| — 1 1 !
T)= 7)) eXQ —4vyT o a
(1+a)? 7 ¥y vty w28 Ny w22
(n+v) (vi—y)
exd —2(y +y)7] 2a ( 5 o(— 1)
- 1+ a?+ —————| co§ 27 7]+ sin2mwor +o———exd —2(y+ )7
2(n=7) Iy = 3yt ) L2yl
1+ ——
(7n—=v)
x| 1+ a?+ 2a §2mwo7r]+ ™o i 2 5]) (A1)
a~"t+————| CO§ ZmoT Sl mTOT .
w2 52 Nty
1+ ——
(n+7y)

Equation(14) becomes

2a mo
)= exd —2(y+y)|r 1+a2+—(co 2787+ sif27o7]] |. (A2)
. 2(y+ ) (1+a)? =20y i) . w252 t ] Y+ i !
(y+7)?
Equation(17) becomes
o
S(7)= Zexd —2(y+ | 71(1+ a®+2a co§ 2mwé7]) | 1+ QZ+T . (A3)
2(y+y)(1ta) 1T S5
(y+n)?
|
APPENDIX B: COMPARISON BETWEEN A LORENTZIAN successfully fitted using a Voigt profile, a Lorentzian and a
AND A GAUSSIAN INHOMOGENEOQUS DISTRIBUTION Gaussian inhomogeneous distributions are limit cases. We

pse, therefore, both analytic expressions of the inhomoge-

COIN, (1/200 samples where only one vibrational transition "€°YS distributions_ in ordgr to reproduce the time-resolved
(CO stretching modewas excited. In the case of a partial dat&: the Lorentzian limit[y, (t) = exp(= )] and the
spectral diffusion during the interaction with the three lasefGaussian limif y4(t) =exp(— )] Both best curve fits are
pulses, the behavior @(7~0) has been carefully investi- reported in Fig. 5. Differences are not very important and, in
gated because it depends on the characteristic diffusion timearticular, both fits lead to the same main characteristic dif-
(Ty) [8]. As the experimental absorption spectrum has beeffusion timeT.

We have simulated the experimental data obtained fo
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