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Relaxation of an optically created phonon void in dilute ruby
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A local frequency-selective depletion of phonons is created in dilute ruby at 1.8 K by optical pumping into
the Zeeman-split metastabii?E) doublet. This phonon “void,” which is in dynamic balance with the spin
system, is observed to recover to thermal equilibrium by an inward flow of phonons supplied from regions
beyond the void, and ultimately from the helium bath. Coupled rate equations of the level populations in the
void as well as the phonon density throughout the crystal account for these effects. In particular, a quartic
frequency dependence of the rate for phonon transport across the crystal boundary is found, in accordance with
diffuse surface scattering.
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I. INTRODUCTION adds up toNy,=pAvpyV, with p the density of phonon
modes per unit frequency, anllv~55 MHz (Ref. 3 the

. . . « .., width of the transition. In the Debye approximatiop,
The aim of this paper is to show that a phonon *void,” _, =, 2/,3 ¢ each direction of polarization, with the ve-

€., a . deplt_at|on of phonons, can be created by OIOtIC‘%city of sound. For the two transverse acoustic branches
pumping of a suitable ensemble of two-level centers, and tQ_g 4 /s Taking, as a case in poin=60 GHz and

show how such a _pho_non void evoIve; with time as it fiIIsTOZ 1.8 K, we findN, /Ny~ 400 already for excitation den-
with phonons moving in from the remainder of the crystal. gjties as moderate a¢* ~ 1072 m3.
The paper thus adds another element to the long-standing agter the void has been created, therefore, phonons must
problem of the phonon bottleneckand, as the phonons ul- pe furnished from the remainder of the crystal and ultimately
timately have to be replenished from the helium bath, th&rom the helium bath surrounding the crystal in order to es-
problem of the acoustic boundary resistafice. tablish thermal equilibrium. At the frequencies considered,
The phonon void has been realized by taking advantage ahe thermal resistance of the crystal boundaries is still sub-
the metastable optically excitef(’E) Kramers doublet of stantial, which results in a notable slowing down. In order to
Cr" ions in ruby (AbO;:CrP™) at cryogenic temperaturds. study the flow of phonons moving toward the void, the pho-
When split in a magnetic field, th&(E) doublet allows non density is followed not only in the void, but in addition
preferential population into its lower componemhd=—3;  in a probe volume positioned at some distance toward the
henceforth denoted byE_) by selective pulsed optical Ccrystal boundary. An accurate analy$®ec. Ill) should, of
pumping out of the*A, ground multiplet. As_an efficient course, include_th_e spin-lattice relaxation time as well as the
one-phonon transition connedgs. to the upperE(%E) com- times characteristic for the transport of phonons through the
ponent ms=+3%; E,), the CF* spin system immediately bulk and the passage of phonons across the crystal boundary.

starts to absorb resonant phonons so as to strive for the
Boltzmann distributionN™ /N~ =exp(—hwv/kgT,) associated Il. EXPERIMENTS
with the crystal temperatur,; N* denote the population

" . L All measurements were performed on a cuboidal
densities of the levels, andv is the Zeeman splitting. The (g P

zochralski-grown ruby crystal, having a volume of 40 fnm
nd a Ct" concentration of 500 at. ppm. Theaxis is par-
) > i 4 allel to two of its faces and at an angte=65° with the
ing E(E) to “A,. o o magnetic field. To achieve optical pumping of theéCsus-

In case the excitation density is low, ample phonons argajning the phonon void, a 693-nm light pulse of 8-ns dura-
a\(a_mable. Th_e situation gains mt_qezst, howgver,_when thion, resonant with theé*'A,, mg=—32—E_ component of
initial population density residing i(“E), N*, is raised to  the R, optical transition, ran parallel to the crystal edges
such a level that the heat capacity of the spins markedlyransverse to the field. The pulse was delivered at a rate of
outweighs the heat capacity of the resonant lattice modes. labout 50 Hz by a dye laser, driven by a frequency-doubled
a simplified description, phonons are then absorbed until thld:YAG (yttrium aluminum garnetlaser. The laser beam
spins and the phonons available near the optically pumpedas focused down to a pencil 0.3 mm in diameter. The pulse
volume reach a common temperature substantially b&lgw energies ranged up to 0.5 mJ, which is a compromise be-
In other terms, a phonon void is created. If a volumés  tween strong optical pumping and avoiding damage to the
excited, the net number of one-phonon transitions needed torystal. The crystal was cooled to 1.8 K, at which tempera-
equilibrate the spins with the lattice amounts N,  ture relaxation processes connectiag and E_ other than
=N*poV/(2py+1), in which po=[exphv/kgTy)—1] 1 is by one-phonon transitions have died out.
the equilibrium phonon occupation number. In comparison, The phonon occupation was followed in the void as well
the number of thermal phonons resonant with the spins onlgs the probe volume via optically excited®Crions acting as

process of phonon absorption may conveniently be followe
via the Zeeman components of tRg luminescence return-
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luminescent detectofsThe luminescent intensity emanating shells of equal thickness, and examine the phonon densities
from E.. scales withN ™, which in turn is a measure for the and level populations in these shells as they evolve with
phonon occupation numbex In the void, metastable € time. As the phonon void is a relatively small volume located
ions are abundantly available as a result of the pulsed dyen the bulk of the crystal, these shells are centered about the
laser excitation. To prepare the probe volume, the beam of woid and congruent with the crystal. The free surface of the
second frequency-doubled pulsed Nd:YAG laser was rumutermost shell accordingly coincides with the crystal sur-
through the sample in parallel with the primary pump beanface. A few of the innermost shells represent the void volume
and focused to a similar waist. Note that phonons of a paras it is confined by the laser-pumped pencil and the finite
ticular frequency are resonant with tH&°E) doublet in  resonant length of the phonons with tBEE) doublet® The
small portions of the laser-excited pencils only, the remaintemaining shells fill the rest of the crystal, one of these shells
der being out of resonance because of a finite resonaneepresenting the probe volume by assignment of a nondis-
length, even in the absence of gradients in the magnetiturbing spin population.
field® The horizontally oriented pencils were imaged on the The actual calculations are greatly simplified by averag-
vertical entrance slit of the spectrometer detecting fie ing over each individual shell. In particular, we introduce
luminescence. The net void and probe volumes viewed, loaverage phonon occupation numbers with i=1,... M
cated in the bulk of the crystal, were thus confined to cylin-enumerating the shells, as well as aver&géE) population
ders about 0.3 mm in diameter and @ in length. densitiesN;” andN; . The approximation is not expected to
At the wavelength of the probe laser be&@®B2 nmj, light  detract from the essential physics, because the shells remain
absorption ends in the brodd, absorption band. After fast in compliance with the topology of void and crystal. How-
nonradiative multiphonon decay t(°E), in part via the ever, it has the considerable advantage of casting the prob-
ZK(ZE) doublet, the population ratii /N~ is left at a non-  lem in the form of a limited set of coupled differential equa-
thermal value as a result of spin memory, the partial presetions.
vation of the net spin of théA, ground multiplet during the To further shape the model, we consider, for each indi-
optical pumping cyclé:® Before the excited G ions are Vidual shell, the rate equations fpr, N;", andN; . These
suited to act as phonon detectors, therefore, they must Rguations read
given sufficient time to achieve thermal equilibrium within
E(%E), i.e., a few milliseconds at the lowest frequencies. On %:
the other hand, their population densities should not suffer dt
too much from the radiative decay on the longer time scale
r~4 ms. A fair compromise is firing the probe pulse 4 ms
in advance of the pulse pumping the void. This time delay

(Pi+ N —piN;”
: pAIIJTl — + 1 i(Pi-1—pi)

+Ii i 1—i(Pis1—Pi)s 1

dN piNT (R HDNT N

also ensures removal of the nonequilibrium phonons gener- , )
ated in the course of the decayd,—2E and 2A(%E) dt T R
—ECH). dNT (B DN —piINT N

The E, luminescence was monitored by the use of a i (pi+ DN —piN; _ 3)
0.85-m double-grating spectrometer followed by a cooled dt Ty TR

photomultiplier, photon-counting techniques, and CumUIativeEquation(l) as shown applies to shells 2 M—1. For

. 4
recording. The spectrometer was tuned to Be—"A,, the central shelli=1) the second term in E¢1) should be

ms= + 3 Zeeman component, chosen for its weak reabsorp- . . _ M -
tion. As for the detection oN™ in the probe volume, the omitted, while Eq(7) below holds fori =M. Ni" andN; are

effects of the phonon void were separated out by measuringec}gi:{%::}%e'_? t?sei:?;\de i:itgrrr?:f 3:;"3'6;222 dsfe :)nr:attktge
the luminescent intensity in the presentg) (and in the ab- ! y way

sence [},) of a void N*. In addition, the stray luminescence point of view of the Zspms, Wh'Ch are resonant 'wybIAv
(1) originating from the phonon void at the probe site wasPhonon modes. ThE(’E) state is furth_ermore subject fo an
determined by blocking the probe laser beam while leavingVerall slow decay back t6A; on the time SfaleR' As for
the dye laser switched on. The quantity of interest € l”!t'al conditions,p;=po for all i, andN" =0 andN
Norobd Nprobe,or 1-€-» Nprone I Telation to its thermal value, is =N* in the void shells, whereas in the probe st¢fl and
then found from [— 1)/l . For sufficient luminescent in- N start out in thermal equilibrium.

tensity, the probé* needed to be of order 10% of the void AL the rglevant temperatures ?”d frequencies p_honons
N*. It was verified that such a probe population has nopcrrggagate Vé’rigally(/jballr;sncallyz unhlndeézd b)I/I.sc'atterlng_ off
marked effect on the void dynamics by a comparison centerS™"and anharmonic processesBallistic trans

of the void luminescence in the presence and absence of rt through qonsecutlve shells is incorporated into ﬂq
probeN*. t r_ogg_h the dn‘ferencesi_l—_ p; and p;.1—p; of p; with
adjoining shells. The associated ratés ;_.; and I'j, ;_;
1. MODEL must satisfy energy conservation with due allowance for the
shell volumes. Denoting the latter By, we have for the

To describe the phonon dynamics following the sudderpassage of phonons from shebo i +1 and vice versa
creation of zero-temperature spin doublets and the ensuing

establishment of a phonon void, we segment the crystal into Vil 1mi=ViodlD L 4
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FIG. 1. The development oRN* vs the time after selective 0.10
pulsed excitation intdc_ for B=6.00 T atf=65°, corresponding 0.05
to v=87 GHz andT;=44 us. For small initiaIN*, spin relax- ‘
ation does not significantly disturb the phonon density. The full 0
curve represents E@8). For a substantiaN*, however, a phonon 0.15
void develops, and slower spin relaxation is observed.
0.10
To comply with this condition, we define 0.05
Lisiv1=2Vi/(Vi+Vi 1) 71, 5 0

Fiy12i=2Vi 1 /(Vi+ Vi) 1, (6)

wherer; is the time characteristic for the predominantly bal- ~ FIG. 2. The growth ON; in_ﬂ;e_ phonon void following pulsed
listic phonon migration from one shell to the next far away©ptical pumping ofN* ~10?° m™% into E at various phonon fre-
from the void. We furthermore havé}’i=(47rl3)[i3—(i guencies, as indicated. Relevant parameters are specified in Table |

—1)3](Ar)3, with Ar the average shell thickness. Note that belpw. The solid curves correspond to the averageN&fN*
7, as defined scales withr, and that departures &f_, ; weighted over the six void shells, as calculated from the model. For

: o " .
andT; ., ; from Tfl are strongest near the void. comparison, the development Bff for vanishingN*, Eq. (8), is

. A . iven as the dashed curves.
The outermost shelliEM) is assumed to be in contact g
with the second last shell and the helium bath held at tem-

peratureT,. That is as anticipated independent af The E,. populationN™ thus
o ' tends toward its thermal equilibrium valug,/(2po+1)
d — =0.090 on the time scal&, /(2po+1) until return to*A,
Pwm Po=Pm : . 12,13
i~ ITm-1-om(Pu-1—Pw)+ _— (7)  takes over. For the case in point we hag=44 usl?

consistent with the experiment. For an initiaN*
A net inward flow of phonons is thus established in the event=10?> m™3, on the other hand, so many phonons are needed
the phonon occupation within the crystal drops out of therto establish thermal equilibrium that the local phonon density
mal equilibrium as a result of replenishment of the void.  readily becomes exhausted and the growtiNofis slowed
down. Again resorting to the rate equations fprN™, and

IV. RESULTS AND DISCUSSION N, we find thatE(’E) now equilibrates with the elongated
_ . _ time constanfT} =T,+(N™—N")7/pAv. Note thatT} is
We f!rst qlempnstrate the creation of a phpnon void byi_me dependent. InitiallyT* ~N* 7/pAv, but T¥ —T, as
comparing, In Fig. 1, th? dg\(glopment W'th time f" at E(’E) equilibrates toward longer times. Indeed}
vanishing and substantial initidE _ populationsN*. The ~0.3 ms on average for a typicak-1 us
phonon frequency is 87 GHz. Preferring, for the moment, an '
approximate analytical discussion over the numerical analy-
sis below, we consider a set of three rate equationp,far, A. Dependence on the frequency
andN"~ local to the void. The equations are similar to Eqs.
(1)—(3), except that replenishment pffrom neighboring re-
gions is incorporated through an effective terpr(pg)/ 7,
with 7 the typical time needed for replenishment. For van-
ishing N*, we then find

Luminescence experiments measurg versus the time
in the void as well as the probe volume were performed for a
series of phonon frequencies ranging from 37.8 to 81.9 GHz,
as selected via the external magnetic field. Figure 2 shows
the time dependence df' integrated over the phonon void,
N*(t where the abscissa is cut short at 2 ms becaygsextends
) _ Po (1— e~ (2P0t DTy e-timR (8) over a range of valuegt—6 msg dependent olN* and the
N* 2pot1 ’ geometry. The associated changd\k:jtobein the probe vol-
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. T 7 T T T T TABLE |. The parameter8, v, T,, and py pertaining to the

100} : eight plots in Figs. 2 and 3. The quantitié and 7, result from

095 fits of the model, as does;=(2.1+0.2)x10°¢ s,

090l B v T, Po N* 72
P P (M (GH2) (ms) (102 m~3) (1)

1.00} 261 37.8 2.83 0.57 1.8 14

3.04 441 1.32 0.45 1.6 5

0.951 3.48 504 067 035 1.0 3

3 900l 3.91 567 038  0.28 1.2 2
+2& 4.35 63.0 0.22 0.23 1.1 1
\35 4.78 69.3 0.138 0.19 1.2 0.7
LB LOOF & 5.21 756 0089 0.5 12 <05

095 5.65 81.9 0.060 0.13 1.3 =<0.3

090} 63.0 GHzA F 693 Gz hv=(gf coSo+g’ sirf6)*?ugB, with g=2.445 (Ref. 3, g,
T — S =0.05[T. Muramoto, J. Phys. Soc. Jp85, 921 (1973], and

1.00} < . Parnt o o 85" s .

St Calculated fromT;'=CB®sirfdcosd (Ref. 12, with C=47

095} i i T °s™! (Ref. 13.

0.90} L 81.9 GHz Table ). Thep;, therefore, continually adjust themselves to
L L the level populationsl ™ as the latter evolve with time. How-
0123 45 0123 435 ever, 7, weighs in the prob@; more heavily than in the void

Time (ms) p;, allowing 7, and 7, to be unraveled.

The results folN* and 7, are tabulated in Table | along

FIG. 3. The effect of the phonon void oN* in the probe . )
region, normalized to its thermal value at 1.8 K. The eight frameswIth other relevant parameters. The dye-laser pulse energy

correspond to the eight frames in Fig. 2. The establishment oﬁva; kvevir)ﬁ rr?oirerofrl letssa (}‘2n§1tanrt] frcr)m ?\n? ::requ?rlﬁy tf?ttthde
a phonon void att=0 leads to a transient decrease of the ext, ch 1S refiecte € near constancy of the ntte

P R N4
spin temperature beyond the void. The solid curves represent t OV\;eIrt (Iesngrog;iids t?’?etrrgrs]efrlcr;ma!p\larazti)tisfrc\)lsgijcg: g(%itit%nthoever
model.

“A,—E, as a result of the finite bandwidth of the dye laser.

) N ) This initial N has been taken into account in the full curves
ume is shown in Fig. 3, where, as set forth in Sec. Il, th&, Fig 2 and, for a fair comparison with the relaxation in the
effects of radiative decay are eliminated by normalizing each jcence of a void, in the dashed curves calculated from Eq.
data point to the current thermal valmkg*mbeyo. Nevertheless, (g),
the data in Fig. 3 sufferIrom a larger error because they were The third fitting parameter,, associated with phonon
taken at a much lowel™. o transport from one shell to the next, was found to e

To fit the model of Sec. Il to the data in FIgS. 2 and 3, we _ (Zli 02))( 1078 s essentially independent of the fre-
numerically evaluate Eq$1)—(7), adjusting the initial void  qyency in accordance with ballistic transport. Converiing

N* as well as the times; and 7, gntil satisfactory fits are  to an effective velocity throughy =Ar/7;, we arrive at
achieved. Here, the average “radius” of the outer shell is Se{;eﬁ=2i 1 kml/s for all frequencies examined, the error in-

atR=2.1 mm so as to match the crystal volume. A total of o sjve of the substantial uncertainties associated with aver-
M =50 shells, each having a thickness=0.042 mm, then  54ing Ar over the shell. The reduced numerical value of
ensure sufficiently fine spacing. The void is estimated to oc- can be largely reconciled with the velocity

—11 3 Ueff
cupy a volume of X 10 ™ m® from the resonant length _g 4 km/s of transverse acoustic phonons i (Ref. 5

A=0.7 mm along the laser beénn conjunction with the ;5651 noting that the average velocity of ballistic phonons
0.3-mm beam diameter. In proportion, the six central shellgeaying the crystal surface equals half the forward velocity
then represent the void. With regard to Fig. 3, the developynen averaged over all possible directions. Also note that
ment with time ofN ¢ at vanishingN* was calculated for  yransverse phonons carry over 90% of the acoustic energy.
a limited number of distant shells in keeping with the dis- The most interesting observation from Table | is that
tance between the probe and pump laser beams. Out of thgcreases steeply with increasing frequency, approximately
theoretical curves foN,dNprope oSO Obtained, the ones as 4. As in the relevant frequency regime the phonon
havingi ,0ne~ 16 yield the best fits displayed in Fig. 3. wavelength\ is on the order of the surface roughnesé\

It is instructive at this point to consider the time scales~100 nm atr=60 GHz), phonons incident on the crystal
governing the varioup; . These arg@AvT;/N;” associated boundaries experience strong diffuse scattering, and as a re-
with the one-phonon transitions, and and 7, needed for  sult are converted into acoustic surface, or Rayleigh, waves.
migration. For our range of frequencies aNd, all these These waves, in turn, are scattered to phonons at either side
times are several orders of magnitude smaller tharisee of the boundary by defects in the adsorbed helium overlayer.
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% 090 1 <&
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FIG. 4. The probability for diffuse phonon scattering into Ray- 095 1L 4
leigh waves versus the phonon frequency. The solid line represents o
0.90} < At 1
Eq. (9) . 000 2,
0.85F 046mJ 4 | 0.52 mJ -

Theoretical calculations on diffuse surface scattering have
been published by NakayaniaHe finds that the probability
for diffuse surface scattering suffered by transverse phonons
in sapphire is of the order of

0 1 2 3 4 0 1 2 3 4
Time (ms)

FIG. 5. The probd\™ normalized to its thermal value versus the
time for six different pump pulse energies, as indicated. The phonon
Pyt~ 10" 1354,4 (9) frequency is 44.1 GHz. The solid curves represent the model.
where 8, which characterizes the size of the surface irreguduantity displayedNqnd Npope o i @ measure fop in re-
larities, andv are expressed in meters and hertz, respectivelyation to its thermal valugy=0.45, although an intricate
According to Eq.(9), which may be rewritten toPy;  ©one. Fits of the model of Sec. Il to the data, displayed in
~10%(8/\)* and holds as long aBg=1, Py indeed be- Fig. 5 as t_he full curves, generally follow the data W|th|n the
comes appreciable beyond frequencies of, say, 60 GHz in tHgncertainties. In particular, they reproduce the maximum

case of polished surfaces. To convert the experimentad  97OP OfNgane0CCUITING at 1 to 2 ms, depending on the pump
P4, We compare it with the time between successive en€N€rdy. All fits are in compliance withveg=Ar/7,
counters of a particular phonon with the crystal surface

=2 kmi/s, 7,=4 us, andiype=12, which leavedN* as
which we estimate at the timB/v a phonon on average the only parameter varying from one fit to the next. The fitted
needs to cross the crystal, to arrive at the data point® fer

N* is found to increase linearly with the energy of the laser
plotted double-logarithmically in Fig. 4. The straight line in

pulse creating the phonon void, as it should.
Fig. 4 represents Eq9) with =20 nm, quite a reasonable

value for a neatly polished ruby crystal!® At the frequen- . . o
cies of interest here, diffuse surface scattering in fact pro- 1€ effects of the void self-evidently decline with increas-

vides a more effective channel for energy transfer to and"9 distance, yet Kapitza resistance limited by diffuse surface

from the helium than does acoustic mismatch, which is re_scatterlng makes the phonon density fall short of the thermal

garded to be the limit of an ideal surfatiaf Z, , denote the value even at the crystal surface. This was verified via the

fic i d the 1 . babilit . &robe luminescence at a phonon frequency of 63 GBIz (
acoustic impedances, the transmission probability against , , T: T,=0.20 ms) and a high initial voidN* ~5

acoustic mismatch amounts taZ{&,/(Z;+ Z,)?~0.003? X107 m~3. With the pulsed pump beam located close to
When extrapolating the data points in Fig. 4, this value is Not)na tace of the crystal, the probe laser beam was stepwise
reached until below 20 GHz. The quantifyself-evidently is  ,oved toward the opposite face at 4.5-mm distance. For
to some extent uncertain, and so is the absolute valtgiaf  each position of the probe, the phonon density was deter-
The agreement of the frequency dependence, however, seemsed by measuring, quite similarly to Fig. 3, the quantity
sufficiently convincing to justify the conclusion that diffuse N;meN;mbe » and extracting the minimum reached by use
scattering dominates the boundary resistance in the fresf the model. The results are given in Fig. 6 in relatiopgo
quency regime considered. The effect of the phonon void is indeed found to decrease
with increasing distance. Near the surface, however, the dis-
turbance inp remains considerable, not dropping below

. 0.2(p,. The full curve in Fig. 6 quantifies these findings. It is
To further verify the model, we have measured the pho-, . ated from Eqsi1)—(7), where ar, of a few microsec-

non density in the probe volume versus the time for varioug,ns in balance with the inward phonon flow is needed to
'”E'al N* of the phonon void. In Fig. 5, thf probe population 4¢count for the drop ip at the crystal surface. Again, there-
Nprobe: NOrmalized to the thermal valud, pe o IS Shown  fore, the model of Sec. Il adequately describes the experi-
versus the time for six pump pulse energies. The phonofnent. Values forr, of the order of microseconds have been
frequency was set to 44.1 GHz, and the distance between thigterpreted above in terms of diffusive scattering into Ray-
probe and pump laser beams was held fixed. As in Fig. 3, thieigh waves.

C. Phonon occupation versus the distance

B. Dependence orN*
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1.0 I I I The phonon void is accompanied by a spectral hole reso-
nant with the one-phonon spin transition in an otherwise
091 7] Planckian phonon distribution. In the model we have never-
& theless ignored changes in the phonon frequency as a mecha-
; 0.8~ 02 8 nism to fill the void. This is justified because at the frequen-
2 © = cies of interest anharmonic processes have time constants
jg 0.7~ 2l running in the milliseconds at cryogenic temperatdfes,
much longer than the time needed for replenishment of the
0.6~ y void by distant phonons. Similar considerations apply to
spectral redistribution at the surface, despite the enhanced
03 L anharmonicity® Indeed, to the advantage of the present

0 1 2 3 4 5

Disfance fimmyvoid. fmni) model it appeared impossible to achieve a consistent fit when

including anharmonic decay in lieu of exchange with the
FIG. 6. The effect of the void on the phonon occupation vs thehelium bath.
distance from the center of the void. The phonon frequency is 63 The spectral hole implies cooling of the lattice within the
GHz. Plotted is the minimurp reached in the probe volume, nor- bandwidth of the phonon transition. At the higher frequen-
malized topo=0.22. The full curve is calculated from Eq4)—(7).  cies investigatedy/p, in fact drops to order 177 in the core
A sizable departure gf from po is observed just below the crystal of the phonon void, corresponding to phonon temperatures of
surface because of Kapitza resistance. 0.6 K. If we finally take this finding together with the
~10* reached in phonon avalanches, such as are launched by
V. CONCLUDING REMARKS profuse pumping intd , ,*°~*'we see that optical pumping
) ) into the E(’E) Kramers doublet in ruby enables establish-
Phonons resonant with a swtablg metastgble two-levehent of phonon occupation numbers spanning up to six de-
system have suddenly been depleted in a confined volume Ry, 4es The phonon void, however, is more suited for the

appropriate pulsed optical pumping. The ensuing recovery ofy,qy of migration because of the pure incoherence of the
this void by migration of distant phonons has subsequentlyf)hononS involved.

been observed by the use of luminescence techniques, both

in the vqumell_tseIf and in a probe vqum_e located at some ACKNOWLEDGMENTS
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