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oxygen-concentration dependence of the Raman continua in YBa2cu3oy single crystals
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The low-energy portion (co ~ 1200 cm ) of the electronic Raman-scattering continua of YBa2Cu30y
single crystals with y =7.0, 6.99, and 6.93 has been investigated in a temperature range from 20 to 100
K. The frequency distribution of the Big electronic continuum has been observed to be very sensitive to
oxygen concentration. In particular a broad peak in the continuum shifts from 470 cm ' to 550 cm ' as

y is reduced from 7.0 to 6.93. In contrast, the spectral distribution of the 3 &~ continuum is essentially
the same for all three crystals with y ~ 6.93. The dependence of the continua on oxygen concentration is
compared to the results of previous measurements of the phonon anomalies associated with the Rarnan-
active c-axis oxygen vibrations in YBa&Cu30~. A symmetry-allowed correlation is established between
the electronic continua and the phonon anomalies. Although the origin of the Rarnan continua remains
undetermined, various possibilities are discussed and it is suggested that the Big continuum arises at
least in part from scattering from spin-density fluctuations.

INTRODUCTION

Many Raman-scattering' and infrared-reflectivity ex-
periments have been carried out in an attempt to gain in-
sight into the pairing mechanism and the nature of the
superconducting gap in high-temperature superconduc-
tors. A significant number of the Raman experi-
ments " have probed the low-energy (co(1000 cm ')
portion of the electronic continuum scattering that ap-
pears' to be present in all cuprate hole superconductors.
It is found that as the sample temperature T is reduced
below the critical temperature T, the approximately flat
( T & T, ) continuum redistributes into broad peaks which
might be interpreted ' ' as a measure of the supercon-
ducting gap, 2h. The straightforward identification of
these peaks with 2A is, however, clouded because of the
unknown origin of the continua which extend to very
high frequencies (co & 8000 cm '), the scattering which is
usually present ' ' at frequencies less than 2A in the su-
perconducting state, and because of the unusual tempera-
ture and doping dependence " of the peak frequencies.
Infrared reflectivity spectra have also failed to produce a
definitive picture of the gap.

Recently, another group of experiments, both Ra-
man' ' and far-infrared reflectivity (FIR), ' has at-
tempted to obtain information on the gap from cornpar-
isons of the superconductivity-induced (SCI) changes in
the phonon frequencies (b, co ) and linewidths (b,y ) with
the predictions of a strong-coupling model (ZZ model).
These experiments have been primarily focused on
YBazCu30~ (Y 1:2:3), in which the c-axis vibrations ex-
hibit significant changes in co and y when T is reduced
below T, . In Raman experiments, the 340 cm ' phonon,
which has approximate B, symmetry ' and arises from
out of phase vibrations' of the planar oxygen atoms,
shows particularly large effects' '' and this mode has

been central to obtaining gap estimates in Y 1:2:3. In a
determination of a gap energy from phonon renormaliza-
tion measurements the Stuttgart group' ' obtained evi-
dence for a single, sharp gap at 26=320 cm ' in Y 1:2:3
and substituted variants all of which had T, =90 K. Sub-
sequent Raman experiments, ' ' however, demonstrated
that the value of 2A obtained in this manner' was very
sample dependent, in contrast to the results of continuum
measurements. For example B

&
phonon renormalization

measurements' yielded a value of 26=340+20 cm ' in
a fully oxygenated (y =7.0) Y 1:2:3 crystal, but 2b, in-
creased to 360+20 cm ' when y was reduced to 6.99 and
to 400+20 cm ' in a crystal with y=6. 93, despite the
fact that T, increased by only 4 K in the same concentra-
tion interval. Also some experiments' ' have found that
the behavior of the 3 oxygen vibrations at 440 and 500
cm ' is inconsistent with a gap value determined by the
B, phonon renormalization and it has been suggested'
that modes of different symmetry couple to different elec-
tronic excitations. Thus the phonon renormalization
measurements imply that Y 1:2:3 may be characterized
by an anisotropic gap and not by a single value for 2A.
More generally, values of 2h extracted from phonon re-
normalization measurements must be received with skep-
ticism because of the unknown origin of the phonon
anomalies.

In the above experiments it is assumed that one is
measuring excitations across a superconducting gap, and
that the phonon anomalies are superconductivity in-
duced. If this assumption is realized one must conclude
from the doping dependence of 2A values obtained that
the density of states near the Fermi surface depends very
sensitively' on oxygen concentration. In an attempt to
measure this dependence directly and hopefully clarify
the ambiguities present in the phonon renormalization
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measurements, we have carried out an investigation of
the electronic Raman continua in samples with oxygen
concentrations in the interval 6.93 ~y «7.0. The results
of the measurements clearly indicate that the B, phonon
anomaly arises from interactions with the B,g continuum
and further suggest that the 3 phonons are coupled to
the A

&
continuum. A symmetry-allowed correlation is

then established between the electronic continua and the
phonon renormalization measurements. However, we
will also argue that the doping dependence of the con-
tinua might be more easily explained if it is assumed that
the B&~ continuum arises at least in part from spin-
density fluctuations and the B& phonon anomalies arise
when a pseudogap develops ' in the spin spectrum, at a
temperature T ~ T, .

EXPERIMENT AND DATA ANAI. YSIS

The Raman spectra were obtained in quasibackscatter-
ing geometry using the 514.5 nm line of an Argon ion
laser with an incident intensity ~10 W/cm . The low
power levels were used to minimize local heating of the
sample by the laser, but in spite of this precaution it is
possible that the excited region of the crystal was heated
by AT~ 10—20 K. The incident light was polarized
along x' (1,1,0) and the scattered light along either x' or
y

' (1,—1,0). Considered within the tetragonal point
group these geometries allow coupling to either the
A,g(x'x') or B,s(x'y') continuum. The crystals used in
this work were grown by a Aux method in FSZ crucibles
as described in detail elsewhere. The annealing condi-
tions used to obtain the crystals with different oxygen
content have also been described previously' as have the
methods and results of experiments used to characterize
the crystals. Briefly, the oxygen content was estimated
from the thermodynamic parameters used in the an-
nealing process and a refined estimate was then ob-
tained' from the measured c-axis lattice parameters.
The absolute value of the oxygen concentration thus ob-
tained for each crystal may be somewhat less ( ~0.03)
than the quoted values but the relative values are fixed by
the measured c-axis parameters. This paper will discuss
results obtained on three different high-quality' ' '

crystals whose properties are summarized in Table I.
The 3

&g spectra obtained from each crystal at an am-
bient temperature of 20 K are shown in Fig. 1. These
spectra are similar in nature to those obtained previous-
ly ' from fully oxygenated T, -91 K crystals. From Fig.
1 it is evident that there is very little variation in the con-
tinuum portion of the spectra with oxygen content. In
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RAMAN SHII- I (cm ')
FIG. 1. Spectra obtained from crystals A, B, and C (see

Table I) at 20 K in the A &~(x'x') scattering geometry.

Fig. 2, the B& spectra, obtained at 20 K from the same
three crystals, are presented. This shows quite clearly, in
contrast to the 3

&
spectra, that there are significant

changes in the B,g continua as the oxygen concentration
of the sample is varied. For example, if one uses the 500
cm ' photon as a reference, it is evident that the broad
peak in the continuum shifts to higher energies as y is de-
creased. In addition this peak is more clearly defined in
samples A and 8 than it is in sample C. That is, the slope
on the low-energy side of the maximum is steeper for A
and 8 than in C and in addition this slope is greater than
the slope at low energies (co (250 cm ').

In order to focus more clearly on these continuum
features we have attempted to remove the phonons from
the spectra. The Raman scattering cross section for elec-
tronic scattering can be shown to be proportional to the
imaginary part of the Raman-scattering response func-
tion p(ro) multiplied by a thermal factor [1 +(neo)]
where n(ro, T)=[exp(A'colk~T) —1] '. Figure 3 shows
p(ro) obtained in the A,s(x'x') geometry at four temper-
atures for each of the three crystals. The spectra shown
in Fig. 3 where obtained by dividing the original spectra
by [1+n(ro, T)] and subtracting off the phonons. This
was a relatively straightforward procedure for most of

TABLE I. c-axis lattice parameters (co), oxygen concentrations (y), results of magnetic measure-
ments [T, and hT, (10—90%)], and the peak frequencies {+10cm ') of continua at 20 K taken from
Figs. 3 and 6.

Crystal co «) T, (K) AT, (K)
Peak frequencies (20 K)

a „(x'x') 8 &g (x 'y')

A
B
C

11.688
11.689
11.698

7.0
6.99
6.93

89.7
92.8
93.7

2.5
0.8
0.2

310
310
310

470
490
550



10 532 CHEN, ALTENDORF, IRWIN, LIANG, AND HARDY
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FIG. 2. Spectra obtained from crystals A, B, and C (see

Table I) at 20 K in the Bl~(x'y') scattering geometry.

the phonons since they are either quite symmetric, or
quite weak, or both. In these cases, a portion of the spec-
trum covering a phonon line was fitted to a Lorentzian
(or Fano) profile plus a background described by a poly-
nomial up to the second order. Then the fitting parame-
ters were used to generate a phonon profile over a wider
frequency range and this profile was then subtracted from
the spectrum. It should be noted that the measured pho-
non linewidths used in this work were not corrected for

G(co) =
g, '(~)

The unperturbed Green's functions for the phonon gz(co)
and the electronic continuum g, (co) can be written as

g~(~) =
CO& CO l I (2)

g, (co) = —R (co)+ip(co),

instrumental broadening since, as will be described short-
ly, we were able to obtain good fits to the as-measured
spectra and the broadening introduced by our spectrome-
ter is small compared to the broad feature of the con-
tinua, in which we are interested.

A simple subtraction procedure is inappropriate for re-
moval of the 340 cm '

B& phonon as it is both very
asymmetric and very intense and the interaction between
the phonon and the continuum considerably affects the
shape of the spectrum. The continuum must be extracted
from the spectrum through a more detailed decoupling
procedure. To proceed we will adopt a formalism similar
to that described by Klein. As shown in Fig. 4, the sys-
tem has a ground state lg ), a phonon excited state p ),
and a continuous distribution of the electronic states e; )
(i = 1,2, . . . ). The Raman matrix elements associated
with the transitions from the ground state to states lp )
and le;) are T~ and T, . The perturbation of electron-
phonon coupling is assumed to be present in the form of a
matrix element V between lp) and le;). For simplicity
we assume V, T, and T, are real, and V and T, are in-
dependent of frequency.

Following Klein's approach, ' the Green's function
operator can be written as

g~ '(co) V

100 K
~LE .~~ ~ Mits~I

70 K

100 K~alaaaL
saw

g' ~

70 K

100 K

MQkt ~+ Q gQ ALlw t &
1 Vpg~~ ~~% 1

where the real and imaginary part of the electronic
response function, R(co) and p(co), are related by the
Kramers-Kronig relations. The unperturbed Raman line
of the phonon is assumed to be a Lorentzian with fre-
quency m and linewidth I . This in effect assumes that
the phonon is homogeneously broadened, an assumption
that appears to be justified in that the phonon frequency
and linewidth are independent of the position sampled in
a given crystal. The coupled Raman spectrum is given by

0 K

0 K

I I I I I I I I I

0 300 600 900 0 300 600 900 0 300 600 900 1200

RAMAN SHIFT (crn )
FIG. 3. Imaginary part p(co) of the response function, with

phonons subtracted, acquired in the 3 l~(x'x') scattering
geometry for (a) crystal A (y =7.0); (b) crystal B (y =6.99), and
(c) crystal C (y =6.93) at the temperatures indicated. The
zero-intensity levels are indicated by the short lines inserted on
the vertical axis. All spectra are plotted with the continua
(co = 800 cm ') normalized to unity.

le;&

I= 1,2,3, . ..

FIG. 4. Schematic diagram of the energy levels involved in
the electron-phonon interaction process (Ref. 25).
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I(co) = 2 [I+n(co))1m[a(co)], (4) x(M) = Tp Gl i+ Tp T, G12+ T, TP G21+ T2G22 (5)

where
is the dielectric susceptibility. It is straightforward to
work out the matrix inversion, and (4) becomes

I(co)= A [I+n(co)]1m
T2g ' —2VT T +T2~

S=B[1+n(co)] p(co)+ +2p(co)ES —
p (co) Vy(1+ c, ) V' (6)

where y, E., and S are defined as

y=r+ V'p(~),

c, =(co—co,)/y,
TS= V + V R(co),
T.

where B= A T, and co = co~ + V R (co).
In Eq. (6), the first term represents the pure electronic

continuum arising from the imaginary part of the elec-
tronic response function, the second term basically gives
the phonon contribution, and the last two terms result
from the coupling effects. In the Raman spectrum, the
contribution from the real part of the electronic response
function R(co) should be small since that contribution is
only due to the electron-phonon coupling V which is con-
sidered as a perturbation. Moreover, it can be seen from
Eq. (6) that the contribution of R (co ) decreases as
~co

—co ~=~co —
co&~ becomes large. In other words, the

contribution of the real part of the electronic response
function is small and is confined to a relatively small fre-
quency region near the phonon. Since we are mainly in-
terested in the unperturbed electronic continuum arising
from the imaginary part of the electronic response func-
tion, rather than the details of the real part, we will treat
the latter as frequency independent, that is, both S and co

will be considered as frequency independent.
A B

&
spectrum with the 340 cm ' phonon present

was fitted to Eq. (6) by a nonlinear least-squares-fit pro-
cedure, in which B, I, co, S, and V were treated as fitting
parameters, and the imaginary part of the electronic
response function p(co) was described by a smooth func-
tion obtained by a fourth-order spline fit (see the dashed
line in the inset of Fig. 5). More specifically, the parame-
ters B, I, co, S, and V were first determined by fitting the
spectrum in the frequency range of 50 cm '~co~650
cm ' with p(co) described by a sixth-order polynomial.
Then, p(co) in the whole frequency range (50
cm '~co~ 1200 cm ') was obtained by subtracting the
last three terms of Eq. (6) from the spectrum (and divid-
ing by B [1+n(co, T)]), and smoothed by using a fourth-
order spline fit. The result for p(co) was refined by repeat-
ed iterations in which a term proportional to the
difference between the data and the spectrum generated
from Eq. (6) was used as the iterating correction for p(co).
An example illustrating the quality of the fits that were
obtained is shown in Fig. 5. In other words, for each
spectrum, we have found the values of a set of five param-
eters B, I, co, S, and V, and a numerically determined
smooth function p(co), which can be substituted into Eq.
(6) to generate a Raman spectrum which is in excellent
agreement with the experimental data in the frequency
range 50 cm ' ~ ~ 1200 cm '. The values of the fitting

TABLE II. Fitting results of B, I, ~, S, and V.

Crystal

20
40
70

100

20
40
70

100

B (arb. unit)

0.240
0.122
0.099
0.065

0.481
0.241
0.066
0.023

r (cm-')

8.97
9.88

1 1.2
8.91

7.40
7.62
8.52
7.99

co. (cm ')

332.8
332.9
340.9
341.1

335.0
335.0
342.0
343.1

S (cm ')

—11.5
—9.47
—5.21
—3.25

—9.43
—11.3
—7.02
—7.15

V (cm-')

0.71
0.51
0.43
0.21

0.82
0.69
0.35
0.18

20

40
70

100

0.089
0.091
0.029
0.013

6.59

7.23
7.51
8.13

338.6
340.6
340.4
343.8

—6.52
—6.34
—5.10
—5.25

0.27

0.29
0.17
0.13
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parameters B, I, co, S, and V for the spectra shown in
Fig. 6 are listed in Table II. It should be noted that previ-
ous' ' ' fitting procedures used a linear background
term in addition to the Fano profile, but with the present
model [Eq. (6)j excellent agreement is obtained without
the incorporation of such a background term.

RESULTS AND DISCUSSIQN

o ~ ~%~W~~~I~L hLalf ~ ~C» LE++—g gm+~~lfr ~~~~~~ ~

I I I I I
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y /Q ~IIIf~~~ ~

100 K
100 K

70 K 70 K 70 K

40 K

20 K

P

0 K
40 K

Jj .M DI a
lg ~lf .~~wr

0 K 20 K

L -~J J~ ~~Jk. LJL
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FIT&. 6. B,g electronic continuum with the phonons removed:
(a) crystal A (y =7.0); (b) crystal 8 (y =6.99), and (c) crystal C
(y =6.93) at the temperatures indicated. The zero-intensity lev-
els are indicated by the short lines inserted on the vertical axis.
All spectra are plotted with the continua (co=800 cm ') nor-
malized to unity.

FIG. 5. Fitting of the Bjg spectrum (y =6.99, T=20 K).
The triangles represent the data points and the solid line is gen-
erated from Eq. (6), and the spectra have been divided by the
Bose-Einstein thermal factor. The solid line in the inset
represents the S term in Eq. (6) which is essentially the phonon
contribution. The dashed line in the inset is the fitting result of
the pure electronic continuum.

Examination of the A i spectra in Fig. 3 reveals that
the peak frequency at 20 K is the same (310+10 cm ')
for all three crystals and is thus independent of oxygen
concentration. The spectral distribution of the continua
is also quite similar for all three crystals although the
scattering intensity at low frequencies (co & 150 cm ) ap-
pears to be greater in crystal C than it is in crystals A and
B. If the relatively flat portions of the continua (co) 700
cm ), which are normalized to unity in Fig. 3, are extra-
polated to lower frequencies to provide a base line, the
area above the base lines is the same for all three samples
to within the estimated uncertainty (=+15%%uo). The ob-
served temperature dependence of both the peak frequen-
cies and the areas above the base lines is in good agree-
ment with previous results in Y 1:2:3. For our purposes
the most significant aspect of the above results is that the
peak position and the frequency distribution of the A

&g

continuum are relatively independent of oxygen concen-
tration for 6.93 (y (7.0. This result can be compared to
the observation' that the measured phonon anomalies
for the A phonons were also approximately the same for
crystals A, 8, and C. In this regard, however, one should
note that the A phonon renormalization measurements
were carried out' in a (zz) geometry while the present
measurements of the A i continua were obtained with
polarizations in the ab plane. Our preliminary measure-
ments on the above crystals and previous results, ' how-
ever, both suggest that Ay and hen for the A phonons
are approximately independent of the scattering
geometry. A coupling of the A phonons to the A

&
con-

tinuum is thus consistent with the above results.
The B, continua with the phonons removed are

shown in Fig. 6. In this geometry the normalized area
above the base line, defined as above, appears to decrease
by about 25% (for T =20 K) as the oxygen content is de-
creased from y =7.0 (crystal A) to y =6.93 (crystal C),
but again this value is comparable to our experimental
uncertainty and no definitive conclusion is reached.
However, the most interesting aspect of the B& spectra
at 20 K is that the peak frequency of the broad maximum
shifts from about 470 cm ' in the continuum obtained
from crystal A to about 550 cm ' in the continuum ob-
tained from crystal C. This 80+20 cm shift is compa-
rable to the increase (60+20 cm ') in 2b, between crys-
tals A and C that was predicted from the comparison' of
the phonon renormalization measurements with the ZZ
model. The B& continua at 20 K for crystals A, B, and
C are replotted in Fig. 7 to more clearly illustrate the
shift of peak frequency as a function of y. It is also in-
teresting to extrapolate the base line, defined by the
higher-energy (700 cm ' & co & 1100 cm ') portion of the
continuum, to intercept the lower-energy portion as indi-
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FIG. 7. 8&g continua at 20 K for crystals A, 8, and C as ob-

tained from the fitting procedure described in the text.

cated by the horizontal dashed lines in Fig. 7. The inter-
cept of these lines with the continua should approximate-
ly defined the frequencies below which spectral weight is
removed and above which spectral weight is added. In
this case the interception points occur at about 330 cm
for crystal A, 360 cm ' for crystal B, and 390 cm ' for
crystal C. These values are in almost exact agreement
with the superconducting "gap" energies obtained from
comparisons' of the phonon renormalization measure-
ments with the strong-coupling model. This agreement
strongly suggests that the gap energy determined from
the phonon renormalization measurements is in fact the
"crossover" energy of the B

&
continuum.

From Fig. 6 it can be seen that there is a clear change
of slope of the continuum near 250 cm ', yielding a fre-
quency distribution that is suggestive of the initial stage
of the development of a "clean" gap similar to that ob-
served' '" in Bi 2:2:1:2. Staufer et al. ' found that evi-
dence of such a "clean" gap in the B,g continuum was
obtained in an overdoped crystal of Bi 2:2:1:2,and that
this gap became partially filled in by scattering at ~ & 26
in a crystal with lower oxygen content. The doping
dependence observed here for Y 1:2:3 appears to follow
the same trend in that we observed additional scattering
at low frequencies for crystal C and as a result the above
gap feature is not as clearly defined in crystal C. Thus
the B,g continuum represents another aspect of the elec-
tronic scattering that suggests a common origin, ' namely
the Cu-0 planes, for the major features of the continua in
the two compounds.

The above results demonstrate quite convincingly that
the observed renormalization of the B jg phonon near T,
arises from interactions with those excitations that are re-
sponsible for the B, continuum. The origin of the B,
continuum, however, remains unclear. It has been sug-

gested that the B& continuum arises from interband
transitions. The sensitivity of the spectral distribution of
the continua to oxygen concentration could result if, for
example, these bands were associated with the Cu(1)-O(1)
chains, but a fortuitous set of circumstances would then
be required to explain the low-energy redistribution of
the states associated with the onset of superconductivity.

An alternative approach is to assume the continua
arise from excitations which participate in the formation
of a superconducting gap or gaps. ' ' The ZZ model
can thus be used to predict the SCI shifts in frequency
and linewidth, and comparisons' with experiment pro-
vide a value of 2A for each crystal. Furthermore, the ob-
served temperature dependence of the linewidth (T & T, )

is in good agreement' ' with the model predictions.
Finally, the dependence of 2A on y, as determined from
the phonon measurements, is correlated with the y depen-
dence of the B, continuum. This internal consistency
could be interpreted as support for the applicability of
the ZZ model and as evidence that the B&g continuum
arises from electronic excitations across a portion of an
anisotropic gap. One would then have a speculate that,
when y is reduced from 7.0 to 6.93, the magnitude of the
gap in this region of the Fermi surface increases
significantly (16%) while T, increases by only 4%, as in-
dicated by the above results. This scenario would appear
to be at least plausible, if T, is primarily associated with
the gap in other regions of the Fermi surface.

As an alternative explanation for the B& spectrum and
its doping dependence, let us speculate that it arises, if
not totally, at least in part from spin-density fluctuations.
There are previously published results' ' ' that appear
to provide support for such a speculation. Based on the
phenomenological Ginzburg-Landau theory developed by
Nagaosa and Lee, ' it can be shown that the spin pseudo-
gap b, , —J~ T TD

~' increases —with decreasing oxygen
concentration in Y 1:2:3since the transition temperature
TD for the pairing of the spinons increases with decreas-
ing hole doping. ' Also, for the underdoped Y 1:2:3crys-
tals, that is, TD )T, . Experimentally Litvinchuk, Thom-
sen, and Cardona, ' in FIR and Raman experiments on
YBa2Cu408 (T, =78 K) and Y 1:2:3 (y =6.57) found pho-
non anomalies that occurred well above T, and suggested
that such anomalies result from a coupling of the pho-
nons to the spin and the opening of a pseudogap at
T) T, . Given a correlation between the continua and
phonon anomalies one might expect, in oxygen-reduced
crystals, to see evidence for the formation of a pseudogap
in the spectra at temperatures T) T, . There is no such
evidence in our data but this is perhaps not surprising in
that we are working with doping levels relatively close to
optimum. ' However, Slakey et al. observed that the
peak in the B& continuum was established at tempera-
tures well above T, in a crystal with y =6.7, T, =60 K.
Also, in a recent FIR study of the c-axis refiectivity of an
Y 1:2:3crystal with y =6.7 and T, =63 K Homes et al.
have attributed a reduction in the conductivity at low fre-
quencies (co &200 cm ') and temperatures (T & 150 K) to
the formation of a pseudogap. In the present case we as-
sume that the "gap" energy derived from the phonon re-
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normalization measurements (and crossover energy of the
8& continuum) will be close to 2b, for doping levels near
optimum and that as we move into the underdoped re-
gion we will obtain an estimate of the pseudogap energy
which is larger in magnitude than the superconducting
gap, in agreement with past' ' and present observations.
Then, the sensitive dependence of the B

&
continuum on

the oxygen concentration observed in the present work
suggests that the magnitude of the spin pseudogap in Y
1:2:3is very sensitive to the doping level.

CONCLUSIONS

In. conclusion we have carried out Raman-scattering
investigations of the electronic continua in di6'erently
doped Y 1:2:3 single crystals. At low temperature
(T =20 K) the frequency distribution of the 8, continu-
um is observed to vary significantly with small changes in
the oxygen concentration y while the A&g spectrum is
essentially independent of y for y ~6.93. Comparisons
with measurements' ' of the renormalization of the
Raman-active c-axis oxygen vibrations have been carried
out and the results have established a symmetry-allowed
correlation between the electronic continua"' and the
phonon anomalies observed' ' in Y 1:2:3. The doping

dependence of the spectral distribution of the 8&g con-
tinua is qualitatively similar to that observed' in Bi
2:2:1:2,which suggests similar origins for the low-energy
portions of the continua in the two compounds, in agree-
ment with previous' conjectures. Finally, the exact na-
ture of the excitations which give rise to the continua
remains undetermined by this work. However, the dop-
ing dependence of the correlated phonon anomalies and
continua, the conjunction with previous' ' measure-
ments in underdoped systems, suggests that the 8& con-
tinuum is at least in part due to interaction with spin-
density fluctuations and that the formation of a spin pseu-
dogap ' is observed in underdoped samples.
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