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Photonechomodulationeffectshavebeenobservedin the
3H

4—
3P

0transitionof LaF3:Pr~in anappliedmag-
neticfield. Ourresultsareinterpretedasbeingdueto thecombinedeffect ofthe Pr nuclearZeemanandhyperfine
interaction.

We haveobservedstrongphotonechomodulation modulationeffectsoccurwhenthe excitationpulses
effectsin the

3H
4 ~

3P
0 transitionof LaF3 dpped are ableto coherentlycouplemorethan two terminal

with Pr
3~.Weusedexcitationpulseseparationtimes levelswith comparabletransitionprobabilities.

of 97 nsecand260nsecandwe appliedmagnetic
fields of up to 3.95 kG. Our resultsare shownin figs.

-J
PULSE SEPARATION1 and2. Previouswork by TakeuchiandSzabo[1J ‘-‘I I 97nS~, Iwhich reportedtheobservationof photonechoesin

C,

this transitiondid not find any evidenceof modulation ;
effects.Theirexperimentalobservationis consistent
with ourshowever,sincetheir excitationpulsesepara- ~O.5
tion wasonly 38 nsecand themaximummagnetic t

C,

field theyappliedwas only 500gauss.
0

Our experimentalapparatusissimilar to thatde-
scribedby TakeuchiandSzabo.Oursamplewas a ______________________________________
LaF

3crystaldopedwith 0.1 atomic percentPr
3+. The 00 MAGNETIC FIELD, K9OUSS

magneticfield wasappliedalongthe crystalc-axis(~
Fig. 1. Thephotonechointensityis plottedversusthe magni-

axis) whichis normalto thetwo fold symmetryaxis tudeof theappliedmagneticfield whentheexcitationpulse

(.~axis) at the Pr3~site.The 10 kW 4777A nitrogen- separationis 97 nsec.

pumpeddye-laserpulsewaslinearlypolarizedanddi-
rectednormalto the crystalc-axis.Weuseda white
cell asan opticaldelayline. PULSE SEPARATION

260ns~jIThe terminallevelsof the echotransitionaremixed C-,

andsplit by thehyperfmeinteraction,the nuclear
Zeemaninteractionandtheinteractionof the praseo-
dymiumion with theneighboringfluorinenuclear
magneticmoments.Photonechoesarisingfrom these ~ 0.5

coherentlyexcitedmultilevel systemsexhibitmodula- =
C,

tion effectsthe frequencyof which aredeterminedby
0
C-theenergysplittingswithin themultiplets.Strong ________________________________________

MAGNETIC FIELD, kgouss
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The site symmetryof thepraseodymiumionsin associatedwith the 3H
4 level must be of theform

LaF3 is C2v ~ C2 [2] . Thisprecludesthe possibility al±4> +bt±~>+ cI±4>. The selectionrule for the
of therebeingan electronicmomentassociatedwith electricdipole transitionis L~m1= 0. The excitation
theelectroniclevels.Thelack of suchanelectronic pulsesare thereforeableto connecteverysubstatein
momentwouldeliminatetheF—Pr

3~magneticinterac- thegroundmultiplet with threesubstatesin the cx-
tion, howeverin thepresenceof anexternalfield an cited multiplet andviceversa.Since the secondorder
inducedmomentmay appearbecauseof electronic hyperfineinteractionis estimatedto be comparablein
level mixing. Fromthemeasuredmagneticsusceptibil- strengthwith thenuclearZeemaneffect,a thorough
ity of PrF

3 [3] whosecrystalfield is closeto thatof mixing of statesis expectedanda significantecho
LaF3:Pr

3~[4] the averageinduceddipolemomentof modulationeffect becomespossible.The appearance
the praseodymiumion isestimatedto be about3 of echointensitymaximaat 1.7 kG and3.3 kG in fig.
X 10—3 Bohr magnetonper kiloGauss.But unlessthe ‘ 2 may comefrom the beatingeffect of the transition
induceddipolemomentis of theorderof oneBohr from oneof thegroundstatesto either { 4>, 4>, I—
magneton,the significantdegradationof theechoes or {i—4>, j—4>, 14>} in the 3P

0 multiplet.An accu-
shown in fig. I and fig. 2 at 1 kG would be unex- rateanalysisis difficult without knowledgeof the
plainedon the basisof F—Pr

3~interaction, crystal field parameters.A roughcalculation[8] yields
Webelievethe echomodulationis due to theinter- the solid curvesin fig. I andfig. 2 which mirror the

ferenceamongelectroniclevelssplit andmixed by the generalfeaturesof the data.Since themagneticsuscep-
interactionwith thepraseodymiumnucleus.Although tibiity for thecrystalof LaF

3 wasbelievedto be
the first order effectof the nuclearhyperfineinterac- anisotropic,we used~ = 0.034andx~,= X~with
tion of Pr

3+ in LaF
3 is zerobecauseof the zeroelec- the restrictionthat theaveragevalueof x equalsthe

tronic moment,the secondordereffect is appreciable. measuredvalue0.016.Usingtheseparametersthecor-
The praseodymiumnuclearstatedegeneraciesare respondingcalculationfor the Takeuchi-Szaboexperi-
lifted by thecombinationeffectof thenuclearZeeman ment explainstheir null result sincethecomputedecho
interactionandthe secondorder hyperfineinterac- degradationundertheir conditionsis lessthan8%.
tion [5, 6]. For the

3P
0level wherethe electronic A secondeffectof the secondorderhyperfineinter-

statemixing isnegligible, thenuclearlevels aresplit actionestimatedabovewould be to distribute,evenin
by the externalfield into six equallyspacedlevels zero field, thegroundstatelevels overa 12 MHz inter-
with anenergyseparationof 1.1 MHz perkilo gauss val. This may explainthe anomalous‘~10MHz width
betweenthem.They are characterizedby thez-com- of the transition

1D
2 -÷ ~H4 observedby Ericksonin

ponentof thenuclearspinquantumnumberm1with his fluorescenceline narrowingexperiment[9].
m1 rangingfrom —4 to +4. Forthe

3H
4 levels,the

splittingcausedby the externalfield is enhancedbe-
causetheinducedmagneticmomentcoupleswith the
nuclearspinthroughthehyperfineinteraction.The References
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