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Abstract

A train of opticalmode-lockedpulsepairsis usedto generateafrequencygratingin thegroundstateof rareearthions
incorporatedinto thecoresof optical fibersheldat low temperatures.Detectionof thephoton echostimulatedfrom this
gratingis complicatedby thefact that neitherspatialnor temporaldiscriminationmaybeexploitedto separatetheecho
signalfromthepump andprobepulsesin afiber geometry.This obstacleis overcomeby applyingthemaximumentropy
method(MEM) of spectrumreconstructionto thedigitized dataandextractingthe strengthof theechosignal from the
integrationof its Fouriercomponent.For small time delay (maximizedechoamplitude)signalto backgroundratiosfor
the power spectraldensitiesof the echosignalsof —. 106 were consistentlyobtainedwith this method. Temperature
dependences(15 to 65K) of thehomogeneouslinewidthsobtainedfrom theechodecayfor the3H

4 ‘D2 transition of
Pr

3 + arereported.

1. Introduction such as developmentof new lasermaterials and
investigationof proposedoptical memoryschemes.

Time-domain studies of the homogeneous The complexity of the amorphousstateis under-
linewidths of impurity centers incorporated as scoredby contrastsbetweendifferentsystemsin the
dopants in glasses have augmentedand corn- dependencesof the homogeneouslinewidth ~v

11.
plimentedour understandingof thedephasingpro- For instance,temperaturedependenceof the de-
cessesobtained from frequency-domainexperi- phasingtimesof electronictransitionsof rareearth
ments.Knowledgeof thedynamicsof non-equilib- ions in a numberof glassyhostshasbeenmeasured
rium glassstructuresoverawide rangeof timesand variously to be either linear or quadratic over
temperaturesfor a variety of systemsis important abroadtemperaturerange,or linearat low temper-

for testing the fundamentaltheoriesdevelopedfor atureswith a cross-overto quadraticbehavior[1],
glasses,as well as for more applied objectives as opposedto the exponentialor T

7 dependence
foundfor RE ions in crystallinehosts.Additionally,
AVH hasdisplayedeitheran increaseor a decrease
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experiments,we haveusedtheaccumulatedgrating The delay. ~ ~. between pulses one and two is

echo to measurethe ternpeiatuiedependenceof continuously ad~ustahlebetween() and ‘ us. The

~ at themost highly electronically strainedsites beamsof pulsesarethen rejoinedat a secondpcI-
in theextremelong wavelength regions of the ab- idebeamsplitter andthencoupled into an optical

sorptionbandof ~H4 D~of Pr~ in silicateglass fihei . Theautocorrelatorandoptical spectrumana-
optical fibers. By exploiting thev~aseguidecharac !yier proside beamdiagnostics
teristics of fibers, reasonablelevels of absorption I he cryostat contains 20 40 iii of optical fiber
can he obtainedin low ion concentrationsamples. which hasbeendopedwith a low concentrationof
thus avoiding the complications associatedwith Pr Two meters of undoped fiber and fusion
high ion concentration.The apparentproblem of splicedto the dopedfiber to bring the light signal
separationof input and output signal in this col into and out of the low temperatureensironment.
linear geometr~is satisfaclorily resolvedby trans The repetiti’.e nature of an accumulatedgrating

formation of accumulateddigitized data into the echoexperiment[61 producesanechosignalwhich
frequencydomain by themaximum entrap i niethocl is ordersof magnitudestrongerthan that produced
[s]. a spectralreconstructionalgorithm familiar in with either a two or three-pulseechoexperiment.
NMR work. While a collinear pulse geometr~maximizes the

F ollowing our measurementof dephasingrates amplitudeof thesignal. this experimentalarrange
of Pr in silicate fibers as a function both of ment lacks the advantageof exploiting the direc
temperatureandexciting waselengthsin the range tional character ) phasematching condition) of

of 25 to 70K. in contrastwith previousstudies.we a standardphoton echoexperiment in which the
seeevidenceof an evolution from a quadratictem pump and probe are crossedat a small angle to
peraturedependenceto a T~ behavioras popula facilitate detectionof the weak signal at the angle
tions farther in the absorption band limits are betweenthem. In thecaseof a fiber geometry,the
probed. There have been findings presentedre- echoesare superimposedon the second pulse of
cently of increased site coordination in the far eachpulsepair. An additional difficulty’ in extract
wings of the absorption band as manifestedfor ing the echo amplitude is that the frequency of
exampleby siati.stu’aItine structure[4] or by quasi pulse arrival is far too high to use any type of
molecularcomplexesformed by the RE ions with electra-opticgating desice to discriminatebetween
the host material [51. In the latter reference,the pulses.However,sincefor a gisen pulsepair phasc
authors found that frequency line-narrowed separationthe echo is at a maximum only when
spectraof Eu in oxideglassesdisplayedsystematic both the modulatedpump andprobe beams(beam
changeswith a sensitivedependenceon excitation I and2) areat their maxima,consersionof thedata
wavelength.It is thus resonableto concludethat this to the frcquencsdomain by a F ourier transform
esolution of dephasingrate temperaturedepend- efficiently extracts the power of the echo signal
ence parallels the distribution of ions from more from both theoserlappingpump andprobesignals
glassy to more crystalline or coordinatedsites. and the backgroundnoise. The combined signal

from thephotodiodedetectoris routedto a storage
oscilloscopeand the digitized signal is ported to

2. Experiment and data analysis a Sun workstation for analysis.Dataaccumulated
oser many cycles is transformed into frequency

The experimentallayout is illustrated in Fig. I spaceby the maximum entropy method (M EM)
A continuous train of frequency-tunable with thepower of theechosignal inferred from the
picosecondpulses is produced by a tunahle dye integration of its Fourier component When the
lasersynchronouslypumpedby a modelockedar- pump and probebeamsaremodulatedat / and ~t.
gon ion laser. Thebeamof pulsesis split by a 50 50 theFourier componentof theechosignaloccursat
pellicle beam splitter. The separatebeams pass the difference frequency 1 6. The MFM prosidcd
through an optical chopperand aremodulatedat seseraladsantagesoser a standard fast J-’ouriei
frequencies/ and ,~1. where/ is nominally 2.4kHi. transform (F F T). while requiring only a modest
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Fig. I. Experimentalarrangementfor the accumulatedgrating echo measurements.

increasein computational time. In addition to behavior of the dephasing time T2 over that
giving a much improved signal to noise ratio, the parameterspacemay be characterized.
MEM is also free of the constraintof the minimum
Nyquist step size, ~,f 11NAt, where N is the
number of data points and /~tis the time stepsize, 3. Results and discussion
thus allowing a spectrum with finer frequency
grid to be generated.Finally, by systematically Thesolid line spectrumin Fig. 2 is an exampleof
repeatingtheexperimentoveranappropriaterange the result of raw data processedby the MEM
of temperatures and exciting wavelengths, the around the 400Hz center frequency of the echo
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signal. To illustrate the contrast betw’een the theoriginal motivation for an entire set of experi
two transformtechniques.the power spectralden- ments[9], and hasprovidedan interestinginsight

sity as obtained from the standardFFT is also into the site coordination of the dopant ion. F or
displayed. example, note in Fig. 3 that the homogeneous

The dephasingratesof rareearthandother ions linewidth of the Pr~- displays theexpectedquad

display a markedlydifferentbehaviorwhenembed- raticdependenceupon temperatureat i 618nm.
dedin a crystalasopposedto a glassyenvironment, but behavesas F’ slightly further into the longest
[or instance,the temperaturedependenceof the wavelengthregion of theabsorptionband.Taking
dephasingratesof Pr in LaF is well understood into considerationthe increasein site coordination
in terms of the two phonon Ramanand the one- in the wings of the absorption band referenced
phonon direct broadeningmechanism[7.8]. The in the introduction, w’e attribute this observation
Raman prncess,which behavesas F’ abose the of shifting temperaturedependenceof the homo
Debyetemperature,falls ofT as 7 at lower temper- geneous linewidths with increasing exciting
atures, leaving dominant the exponentially ac- wavelength to evidence of an evolution from
tisated one-phonondirect process. In glassesthe a more glassy environment to a more crystalline
lower power dependenceobserved at the higher one in the farthest low’ energy wing of the

temperaturespersists to very low temperatures. absorptionband.
This F’” power law (1.8 < in < 2.2 dependingon Thesestudiesaugmentthebody of dataconcern
the ion), hasbeenwell investigatedasa function of ing both the dephasingprocessesin glassesand

temperatureand to somedegreeas a function of site selective spectroscopy.hopefully assisting in
exciting wavelength.The study of the dephasing elucidatinga complex andstill not yet fully under
times ~is’~i function of both of theseparameterswas stood system.
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