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Bi,Sr,CaCyOg, 5 crystals with varying hole concentrations (0<12<0.23) were studied to investigate the
effects of doping on the symmetry and magnitude of the superconductingAgdq)]. Electronic Raman
scattering experiments that sample regions of the Fermi surface near the diaggpaitd principal axes
(B1g) of the Brillouin zone have been utilized. The frequency dependence of the Raman response fdnction
at low energieg w<<A(k)] is found to be linear foB,4 and cubic forB;4 (T<T.). The latter observations
have led us to conclude that the doping dependence of the superconducting gap is consistdpt ysith
symmetry, for slightly underdoped and overdoped crystals. Studies of the pair-breaking peak foun#,i the
spectra demonstrate that the magnitude of the maximum|dap,{) decreases monotonically with increasing
hole doping, forp>0.12. Based on the magnitude of tBe, renormalization, it is found that the number of
quasiparticles participating in pairing increases monotonically with increased doping. On the other hand, the
B,g Spectra show a weak “pair-breaking peak” that follows a paraboliclike dependence on hole concentration,
for 0.12<p<0.23.
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[. INTRODUCTION are consistent witld,> > symmetry and are thus in agree-
ment with the outcome of several other experime(sise
One of the important questions to be answered in identiScalapind’ for a review. The maximum values of the gap
fying the microscopic origin of superconductivity in cupratesare found to scale withl; (2A,,~8KksT.) between opti-
is the nature of the superconducting gap. A great deal ofnally doped BjSr,CaCuyOs., s (Bi2212,° YBa,Cus0;_
attentiod*° has been focused on identifying the symmetry(Y123),° and Lg_,Sr,CuQ, (La214.° In Bi2212, the value
of the pairing state since it is believed that this informationderived from Raman experiments 42.,~500 cm!) is
will provide constraints that will lead to the identification of also in good agreement with the results of photoemission
the pairing mechanism. For example, it has beerexperiments f,,,~30 meV=240 cnmil).
suggestett~1° that pairing in high-temperature supercon-  The first Raman investigation of the influence of doping
ductors(HTSC’s) is induced by the exchange of antiferro- was carried out on Y123Ref. 5 and it was found that,
magnetic spin fluctuations and in this case the pairing statalthough the symmetry appeared to be independent of dop-
would necessarily havel,2 2 symmetry. From the many ing, the B,y pair-breaking frequency (&.) decreased
experiments carried out in this context, a consensus view hasuch more rapidly thai . as the doping level was increased
emerged’ that associated,2 > symmetry with the pairing beyond optimal. Later, Kendzioret al’® carried out mea-
state in optimally hole-doped cuprates. However, this consurements on both heavily overdoped and underdoped
sensus is lackingsee Ref. 18 for a reviewmin the results of  Bi2212. In the heavily overdoped region they also found that
angle resolved  photoemissié)**  tunneling?”®  2A/kgT. decreased and that t, andA,, peak frequen-
infrared?” and Raman spectroscdfy®~*°experiments car- cies approached equality, and suggested that this implied the
ried out on overdoped and underdoped compounds, where d@ixistence of an isotropic gap. The low-energy frequency de-
appears that the material properties are very different fronpendence of their measurdd}y and A;4 spectra also ap-
those of the optimally doped versions. Since an appropriatpeared to be compatible with this interpretation. However, it
model of the normal state must be capable of predicting thevas pointed out by Hewitet al3! that the gap cannot be
effects of doping, it is clear that additional experiments aresotropic if the Bose-factor corrected spectra from all scatter-
required if one is to gain a complete understanding of supeling geometries are considered. Haeklal > also carried out
conductivity in the hight cuprates. experiments on a heavily overdoped crystal of Bi2212 and
Raman scattering has been widely uség313234414%5  interpreted their results in terms of a disorderdvave
investigate electronic excitations in superconductors. In eleanodel proposed by Devereatf.
tronic Raman scattering experiments, one may investigate In an attempt to gain additional insight into the influence
various parts of the Fermi surface by a simple choice of thef doping on the superconducting order parameter in HTSC's
incident and scattered polarization vectors. Byg spectra we have carried out Raman scattering experiments on over-
samplé®~7 regions of the Fermi surface located near thedoped (OD) and underdopedUD) Bi2212 crystals with
Brillouin zone (BZ) principal axeg[i.e., (= ,0),(0+=)], critical temperatures T.=82,85,86,90.5 K (UD) and
while B,4 spectra sample regions located near the diagona9,87,83,70,55 KOD). Spectra have been obtained in the
directions in the BZ. When Raman results are interpreted B4 and B, scattering geometries in both the superconduct-
in terms of the conventional mod&,the gap is found to ing and normal state. ThB,, spectra of overdoped com-
have maxima along thex(7,0) and (O;= 7r) directions and pounds, which were not carefully investigated in previous
nodes(or minima along the diagonal directions. The results studies'® have provided important information regarding the
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TABLE I. Bi2212 sample properties—see Ref. 65 for details. means that the incider{scatteredl light is polarized along
x'(y") and selection of this scattering channel enables cou-

Sample Te Doping p pling to excitations havingd;; symmetry. Similarly, the
Bi-Y (0.40-2212 30 K UD 0.0696 Xy geometry allpws couplin_g B, excitatio_ns, which trans-
Bi2212 51 K UD 0.0865 forms asdx,y.. Finally, the diagonal scattering geor_negr’yd
Bi22121%0 51 K UD 0.0865 allows coupling oA 4+ Byg andx>_< to A1+ B44 excitations.
Bi-Y (0.07)-2212 70 K uD 0.1062 Thus, k_)y choosing _the polarization of the |n(_:|dent and scat-
82212350 82 K UD 0.1237 tered light appropriately, one may selegt different compo-
. ' nents of the Raman tensor and thus various symmetry prop-
Bi2212 85K ub 0.1296 erties of the excitations.
Bi2212 86 K ub 0.1319 The B,4 andB,, symmetries probe’ complementary re-
8!221213 9.5 K uD 0.1460 gions of the Fermi surfacéS), while the A,y spectra cor-
Bi22127°0 89 K oD 0.1799 respond to an approximate average over the entire FS. In
Bi2212 87 K oD 0.1857 particular, theB,; Raman spectrum samples the FS along the
Bi2212 83 K oD 0.1944 (0,£m) and (+m,0) directions whereas thB,, spectum
Bi2212 70K oD 0.2138 samples the £ 7, = ) directions. That is, th&;, spectra
Bi2212 S5 K oD 0.2298 sample the BZ principal axes while thi, spectra sample

the BZ diagonals, and are therefore used as complementary
probes to obtain information about thedependence of the
symmetry of A(k). These spectra sample regions of thegap.

Fermi surface that are located near the diagonal directions in The spectra presented in this section have been corrected
the Brillouin zone and hence can be u¥€do directly probe  for the Bose thermal factor. Therefore, the spectra shown are
for the existence ofi-wave type gap nodes. Our results sug-proportional to the imaginary part of the Raman response
gest that the superconducting gap possedges. symme-  function (y”).

try, for the doping range (0.Kp<0.23) investigated—

slightly underdoped to overdoped. 1. B4 renormalization

Spectra obtained from the cuprates at room temperature
Il. EXPERIMENTAL RESULTS are characterizéfby a rather featureless continuum, extend-
ing fromzw~0 to 2 eV. When the samples are cooled below
T. the spectral weight at low energies (00 meV) may be
In cuprates, the additiofremova) of oxygen increases redistributed to higher energy and gaplike peaks appear in
(decreasesthe Cu valenc€ and therefore the hole concen- the spectra. In Bi2212 the superconductivity induced renor-
tration. Thus single crystals of Bi2212 were subjected tomalization observed in thB,, spectra(see Fig. 1 and Table
various oxygen-rich or oxygen-poor environments in order tal) produces a peak whose energy remains relatively constant
vary the hole concentrations, spanning the doping rangéfor p<<0.16), but decreases drastically with increasing hole
0.07<p<0.23. The superconducting transition temperaturegoncentration in the overdoped regimex0.16). When the
(measured by the onset of the drop in magnetization or thgeak energy is comparé#ig. 2) with the maximum SC gap
zero of resistangeand hole concentrations are listed in Table (A,.) values reported by ARPES(Ref. 24 and
l. Hole concentrations for each crystal are estimated usingunneling®>*° the results are striking. The doping depen-
the empirical relation of Tallon and Preslaffd, assuming  dence and energy of th#, ; peak position corresponds very
Temax=92 K. well with the values of A, obtained from ARPES mea-
surements on similarly doped samplese Fig. 2 This sup-
B. Raman scattering ports the previous association of the peak frequency in the
L . B4 spectra with the maximum (&) in ad,2_,2 gap func-
Raman vibrational spectra in the frequency rang;qn This association is also supported by the low frequency

_1 . . .
20—1090 cm~ were obtained using .the 514.5 nm line of an dependence of” at low temperatures, as will be discussed
argon ion (Ar) laser as the excitation source. The Raman, gac. 1B 3.

measurements were carried out in a quasibackscattering ge-
ometry, with the incident laser beam directed nearly perpen

dicular to the freshly cleavet,b) face of the crystal. monotonically with increasing hole concentration. A linear

Bi2212 has an orthorhombidXy,) structure with thea o541 squares fit to the data is well described by the empirical
and b axes oriented at 45° to the Cu-O bonds. In Ramanqation

experiments it is customaifgincea~b) to assume a tetrag-

onal structure D ,,) with axes parallel ta andb. To facili- 2A ax

tate comparison with other cuprates, however, we will con- o7~ (15E1)—(38£5)p (1)
sider a tetragonal cell witk andy axes parallel to the Cu-O Ble

bonds. Another set of axes, andy’ are rotated by 45° with  for 0.12<p<0.24.

respect to the Cu-O bonds. Considered within the tetragonal It can be seen in Fig. 1 that, gsis reduced, there is a
point group D), the x'y" (Byg4) scattering geometry reduction in the fraction of spectral weight redistributed at

A. Sample properties: B,LSr,CaCu,Og 5

The ratio 2A,/kg T, has also been plotted as a function of
p in Fig. 3, where the results reveal that this ratio decreases
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Underdoped \ Overdoped \
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FIG. 1. TheBy4 (X"-y') spectra at tempera-
tures above and belowl., for underdoped
samples withT;'s of 82, 85, 86, and 90.5 K, and
for overdoped samples with.'s of 89, 87, 83,
and 70 K.
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low frequencies. Quantitatively, this redistribution was esti-weight is reducedFig. 4) with decreasing hole concentra-
mated by taking the ratio of the spectral weight above andion, indicating that fewer quasiparticles are participating in
below T.. The frequency range of interest is selected tosuperconductivity. It may be that the quasiparticle pairs are
envelope the region where increased scattering in the supdveing destroyed by some collective excitation of the crystal
conducting state is observed. Within this region, the points aivhose strength increases with decreasing doping. The miss-
which the normal and superconducting state spectra crossg spectral weight may be most likely redistributed to
defines the upper and lower bounds on the integration. In thikigher energy, as recently suggested by the work of Naeini
range, the ratio of the integrated intensity of the superconet al®° In their study of La214 it was found that the,
ducting (A,) vs normal stateA,) spectra are calculated, and spectral weight that is lost at low energias<800 cm 1)
the results are presented in Fig. 4. The redistributed spectr@ transferred to the higher-energy region normally occupied
by multimagnon scattering. Taken together, the results sug-
TABLE II. Values of the cubigb) and constanta) terms used in  gest that the quasiparticle density near,) is reduced by
a fit (I=a+bw? to the low frequency spectra of Fig. 1—UD magnetic excitations of some type. Of course, this suggestion

=underdoped; OB-overdoped. requires further quantitative analysis.

P OD or UD Te (K) @ (b) 2. By, renormalization

0.124 uD 82 2.2 0.0810°© A redistribution of spectral weight also occurs beldw
0.130 ubD 85 25 0.0%10°8 in the B,y channel(Fig. 5 but it is difficult (except in the
0.132 uD 86 1.8 0.0510°© case of the 83 K overdoped sample identify any peak
0.146 ub 90.5 4.5 0.1810°° formation in the low-temperaturB,4 spectra of Fig. 5. In
0.186 oD 87 1.3 0.1810°¢ the depleted regions of the spectra the intensity rises linearly
0.194 oD 83 1.0 0.1810°6 at low frequencies then levels off at a frequency we will
0.214 oD 70 0.0 0.1810 © designate a®& (a linear-to-constant crossover frequendy

linear fit is made to the low-frequency data anglis defined
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FIG. 2. The peak position of the superconductivity induced re- 0.08 012 0.16 0.20

distribution in theB,4 spectra as a function of doping in Bi2212.
The corresponding values of\2,,, derived from the ARPES results
of Mesotet al. (Ref. 24 (filled squares, and the tunneling data of
Z/Igwakawae; aI.ERef. ZE)h(fllledftnangles) a_nd OTyuz”eet al.(_l?elf. . redistributed spectral weight in the normal and superconducting
) (open trianglelsare shown for comparison. In all cases Tallon's state. The ratio is taken in the region of the spectra where increased

relation was used to determine the hole concentration, assumingCattering is seen in the superconducting stege text The lower
Tema=92 K. three data points are taken from Ref. 40.

p (holes per CuO,)

FIG. 4. The hole concentration dependence of the ratio of the

by the point at which the line departs from the experimentalThus, in the underdoped regime, the results obtained seem to
data points. This frequency can be taken as a measure of the incompatible with the existence of a single, simple
extent of the depleted region and thus provides an estimagwave gap. On the other hand Sugai and Hosaghhave

of the B,y “gap” energy? It is interesting to note thab, has  suggested that the values of 2, obtained from theB,4

a parabolic dependence on hole concentraffdg. 6) and in  spectra scale with the frequency of the two-magnon peak.
contrast to A, (B1g) actually scales withT; throughout — This observation suggests tha{, excitations are magnetic
the doping range, consistent with the results obtained in Ran origin. Although not the topic of this paper, it remains to
man experiments by Opet al® and Sugai and Hosokawa. be seen whether the holon-spinon phase diagram model of
Anderson?=®® and Le& " may offer an explanation of
these results.

In the overdoped regime one can observe superconductiv-
ity induced peaks in théB;4 channel. In this region g
=Popy both the values ofopeq(B1g) and wy(B,g) decrease
with increasing doping. Howeverm.,(B,,) decreases
much more rapidly than doesy(B,,) and as a result the
peak frequencies become almost equalder0.25. This be-
havior, which is similar to that observed in doping studies of
La2142° appears to be inconsistémith the existence of a
gap withd,2_,2 symmetry. Thus, although tH#,; and B,
spectra of optimally doped compoudds imply the exis-
tence of ad-wave gap, there are some puzzling discrepancies
in this interpretation in both the underdoped and overdoped

| 20K,T_= (15 +/-1) - (38 4/-5) p I

1

10

6f regions. In an attempt to gain additional insight we will now
E turn to an investigation of the dependencey6fon w in the
. . . . . . . low-energy region of the spectrum.
012 014 016 048 020 022 024 _
3. Frequency dependence of” at low energies
p (holes per Cu0,)
The (T/T.—0) frequency dependence of scattering in the
FIG. 3. The hole concentration dependence &f2,/kgT.. low-energy regime(i.e., below wpeq) provides a further
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| constant crossover position in tig, spectra ofT;=82,85 K un-
3t derdoped and .= 83,55 K overdoped Bi2212 crystals.
2+
1l v 14 : 0K ticle out of the first BZ. In this case, a quasiparticle on the
: 2k — |} § 13K — Fermi surface can be scattered by an integral multipkeg,pf
%% 200 400 600 800 O 200 400 600 800 ° Therefore, in the extended zone scheme, the quasiparticle
. P may thereby find itself on another portion of the Fermi sur-
Raman shift (cm™ ) face for which the Fermi velocity is opposite to that which it

possessed before being scattered. Thus, this scattering pro-
cess may reverse the Fermi velocity of quasiparticles with
wave vectors along the direction of the modulation wave

FIG. 5. Doping dependence of iy, (x-y) Raman spectra at
temperatures above and beldw, for underdopedUD) samples
with T.'s of 82 and 85 K, and for overdope®D) samples with

T.'s of 83 and 55 K.
Raman shift ( meV )

test® of the Cooper pair symmetry. In thi&,, geometry, the 0 25 50 75
observed frequency dependence of the response function re- &0 " J " J "
mains linear inw, regardless of the sample. (Fig. 5). The |
only exception is found in examining the low energy region 35|
of the B,y spectra(Fig. 7) for the 87 K(OD) sample. One
observes a change in slope of the Raman response function
at an energy ofw~90 cm ! or e~11 meV. Below this
energy the scattering is constant and rises linearly at frequen-
cies above 90 cmt. These experiments have been repeated 25|
and are consistent with that described here. Thus we are
confident that the observations are intrinsic and not an ex-
perimental artifact. In an ARPES investigation of a similarly
overdoped [c=87 K) Bi2212 crystal, Dinget al*® found

that the SC gap function exhibited an extended node in the 1.5
(7r,7),(— m,— ) directions in the BZ. The modulation di-
rection corresponds to the (0;8)( 7, 7) region of the Fermi 10l
surface of Bi2212. Dinget al®® have proposed that the ex-
tended node featurep(0.186) is an artifact of umklapp
scattering, resulting from scattering of the outgoing electron
by the wave vector of the modulatiomy, (0.217,0.217).
The extended node artifact near,@r) should be manifest in 0.0 £ . 1 . L
the density of excited states by an increased scattering at low 0 200 400
energies. Therefore, we contend that the increased, and con- Raman Shift (cm”)
stant, scattering found at low energies in Byg channelfor

this particular crystalis consistent with umklapp scattering  FIG. 7. TheB,, Raman spectra for &,=87 K overdoped
from the modulation. Umklapp processes scatter a quasipasample, showing the low-frequency dependence in the inset.

3.0

X" (cpm)
N
o

600
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vector. This scattering process may destroy the coherenamnductivity, microscopic superconducting grains are sepa-
that is required for pairing, leading to a destruction or de-rated by nonsuperconducting regions and Josephson tunnel-
pression of the gap along ther () direction ink space. The ing between grains establishes the macroscopic
effect would therefore be seen in tlg, scattering geom- superconducting stafd. The superconducting regions are
etry. characterized by a constant value of the gap in the local
The results shown in Fig. 7 suggest that for this particuladensity of states. Consequently, when the doping level is
doping level,x” is nonzero forw near zero. This result must reduced below optimal th&,, peak would remain fixed near
be considered to be somewhat suspect in fffats expected its value at optimal doping and be reduced in intensity with
to go to zero as» goes to zero, since the phase space availdecreased doping as the semiconducting regions grow, as
able to electronic excitations disappears. Howeveyifis ~ observed.
nonzero atw=0, and sincd =(1+n)yx” (n=Bose factor),
one can see that the scattering intensity will become very 4. Interpretation: Power laws
large asw goes to zero. The usual interpretation of a large
amount of scattering at low frequencies is to simply assume
x"—0. For these reasons we have checked this result very
carefully and have found it to be reproducible, and appearin%I
only for this doping level. The latter point is important since
the surface quality of all the samples studied was about th wer law behavior belowo—A. Conversely. the Raman
same. In particular the surface of the sample concerned digower 'aw behavior belo - LONversely, the ~ama

not have any distinguishing characteristics that we could©SPoNse function in the low-energy regime for an isotropic

identify. Thus it appears that the scatteringsat0 must be Swave gap should B charactenzgd by the absence of
states below the gap, expressed in experimental terms by
accommodated through the appearance of new states. It s : : X
. A xponentially activated behavior.
possible that, in this case, these states are due to an extendé
. i Down to the lowest frequency measured, Byg andB,
zero gap in the nodal region of tlilewave gap. : g
spectra from all samples show scattering below the gap

In the B4, spectra of Fig. 1 the renormalization is quite . : .
19 . . peaks which appear in the spectra belbw In particular, at
strong in the range of hole concentrations coveringTkie . : .
all doping levels theB,4 response function shows a linear

82 K (UD) to 70 K (OD) samples. In all but one spectra rise in scattering at low frequencies fo<T.. Therefore,

(Tc=89 K OD) a cubic low-frequency dependence is ob- the results are consistent with any gap function that posesses

serve_d, below t_hezxo pa|r-break|_ng peak. .. nodes (as a line or point on the Fermi surface near
It is also evident that there is poorer agreement with S

cubic fit in the underdoped regime, where also the peak in— . .

the superconducting stgte ap%ears at a relatively Igonstant In th(_a hole concentration range 0:1p<0.23, thelmear
value around 565 cit. Recent scanning tunneling spec- and cubic frequency dependenc_es found for mfg (Fig. .5)
troscopy studies of underdoped Bi22(efs. 61—63reveal andBllg (Fig. 1) spectra, respectively, are consistent with the
inhomogeneities on a length scale of 30 A. These inhomoge-eh""v'.Or pred!cted fpr a‘]xz',yz gap, and thus completely
neities consist of well-defined superconducting regions Coe)gpconastem with an isotropiswave 9ap.

isting with dominating semiconducting areas. As the hole, 1N€ cubic power law for al._y2 pairing state was de-
concentration is increased towards optimal doping the supeﬁved n the.l'm't“’%o’T_.)o' However, even at the tempera-
conducting regions grow at the expense of the semiconducrLJres used.m thes_e stud@s, 1€, G@T°<O'.28’ the power
ing regions. The results are interpreted in terms of an inho'2Ws aré still consistent with@wave gap. This suggests that

mogeneous distribution of oxygen, giving rise to a variationtheDgap _?pi?s quite quick][y b?IoV%._ q ntercal
in T, and hole concentration. The poorer agreenteig. 1) espité the presence of cation disorder, oxygen Intercaia-

with a cubic fit is thought to be due to this intrinsic disorder, tion, b-axis modulation, and orthorhombicity that are com-

giving rise to a linear component to the scattering at low™MOnN to Bi2212, the low-frequency power laws appear to per-

frequencies, as described by Devereabal® In other SISt throughout the doping range. The low-frequency
cupraté34363%415nerconductors there is no redistribution scattering in thé8, 4 channel is found to be consistent with a

of B4 spectral weight belowl, in the underdoped regime cubic frequency dependence. By, spectra, a linear-in
(p<0.16), in contrast to the results presented here. If it jScattering is found for.all samples stud_led, which indicates
assumed that Bi2212 is more inhomogeneous than other ¢ nat there are node_s in the gap function nearﬂﬁiw)_.
prate superconductors, the contradiction is resolved. Theherefore, the %me'neﬂor,“K“’peaQ power-law behavior
STM measurements confirm our predictionade when the (@ IN Bag @ndw® in Byg) points to the existence ofdz-
paper was submitted, and before the STM wdHat under-  9@P function for the doping range studied.

doped Bi2212 crystals contain locally varying hole

concentrations—small fractions of the crystal have a local Il DISCUSSION

value of p=0.16 and other<0.16. Thus the peak ob-

served at 565 cm' corresponds to superconducting regions  In the B4 scattering geometry, the superconductivity in-
with p=0.16. As the hole concentration is reduced from op-duced renormalization peak frequency changes with doping.
timal, semiconducting regions grow at the expense of théelow a critical doping level f~0.12) the renormalization
superconducting regions. In this picture of granular superis not presentsee Ref. 40 With increasing hole concentra-

Pairing functions such as an anisotropgevave or a
wave gap are consistent with states lying below some
aximum gap value. For dwave gap of the fornd,2_ 2,
ectronic Raman spectra in thi&, and B,y channels are
gredicted‘eto display a linearin B,g) and cubic(in B,)
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0,7) ¢ (m,m) hole concentration, of th&,, spectral weight that is in-
N volved in superconductivity.

It is also interesting to note that thi 4 spectra obtained
from underdoped Bi2212 appear to differ from that obtained
from underdoped La214 and Y123. In the latter two com-
pounds theB,4 spectra change much more abruptly when the
doping level is reduced below optimum. In these compounds
a strong A, peak is observed in thB,4 spectra obtained
from optimally doped materials, but such a peak is com-
pletely abserif36394142%n the underdoped compounds. In
Bi2212, however, a relatively stronB,, peak is still ob-
served in the underdoped compouridee Ref. 51 and Fig.
2). In addition, theB,4 spectral weight drops rapidly as one
enters the underdoped regitfé®*! of La214 or Y123 but

FIG. 8. Amodel of the Fermi surface in cupratsslid line) and ~ decreases more slowly with underdoping in Bi2212. It thus
the magnetic Brillouin zone boundafgashed ling Quasiparticles ~appears that the optimally doped state is more sharply de-
nearB’ canexchange an AFM wave vectorr(m) while those near  fined in both La214 and Y123 than it is in Bi2212. This is
v cannot Hence the former are highly scattered “hot” quasiparti- attributed to the cation disorder and superstructural
cles, and the latter are referred to as “cold” quasiparticles. modulation—traits unique to Bi2212. These comparisons
suggest that the inhomogeneity in hole concentration is
greater in underdoped Bi2212 as compared with underdoped
a214 or Y123. As such, granular superconductivity would
e more pronounced in the underdoped state of Bi2212.

tion the peak energy remains relatively constanp4e0.18
and then drops rather abruptly, by approximately 50% ovet
the hole concentration range 028<0.23(i.e., overdoped
regime. In the latter range, thB,4 peak energy and doping
dependence can be plotted on a curve that matchesithg2 IV. CONCLUSIONS
feature observed in ARPES and tunneling spectroscopy mea- The nhole concentration in single crystals of Bi2212 has
surements. Prowdeq that the ARPES results do indeed meggen varied from 0.10 to 0.22 by varying the oxygen con-
sure 2, these considerations provide substantial support fogentration and by Y substitution. It has been found that the
the assignment of thB,4 renormalization peak to&y. 2Amax peak in theB,, spectrum increases in energy as the
One reason for the lack of a pair-breaking peak relies omhole concentration is reduced from=0.22 top=0.12 ac-
the fact that the low-energyBy, spectral weight is cording to the empirical relation &/kgT .= (15+1)—(38
reduced**¥* substantially with underdoping. If the quasi- +5)p. Both the magnitude oA, and its’ doping depen-
particles are scattered away from the £,0) regions of the dence, as determined from the Raman spectra, are in good
Fermi surface, then the resultirgy; spectra would show a agreement with the results of ARPES measureménfsthe
reduced intensity. A mechanism for such anisotropic scattedeading edge shift that occurs beldly. These results pro-
ing lies in the description of Raman scattering in the nearlyvide support for the association of thel 2peak of theB, 4
antiferromagnetic Fermi liquid mod&t:®4 In the model, the spectra with the superconducting gap energy as determined
presence of antiferromagnetic spin fluctuations, which ardy ARPES measurements. It is also found that the strength of
strongly peaked near the antiferromagnetic ordering vectothe B,, renormalization, that occurs beloW., becomes
Q~(m,m), give rise to a enhanced scattering of quasipartiweaker as the hole concentration is reduced fpr0.22 to
cles on regions of the Fermi surface that are located near thg=0.12 and cannot be observed in crystals with hole con-
BZ axes. For example, in such a process a quasiparticle carentrations less thap~0.12. This observation is consistent
be scattered fromsf,0) to (0~ =) by emitting a Gr,7r)  with the selective scattering of quasiparticles on regions of
magnon and back to,0) by emitting a ¢ 7, — ) magnon  the Fermi surface that are located nearkh@ndk, axes of
(Fig. 8). Since the regions of the FS located near the diagothe Brillouin zone. A possible mechanism for this scattering
nals are far from resonance wi the quasiparticles in this is provided by antiferromagnetic spin fluctuatih® %4
region are much more weakly scattered. This gives'tise  which grow in strength as the hole concentration of the crys-
the terms “hot spots” for regions of the FS near the BZ axestals is decreased.
and “cold spots” for those near the diagonals. As the doping The B,y spectra show a very weak renormalizationrat
level decreases and the antiferromagnetic fluctuations grovor two of the four crystals studied in this work. The cross-
and become more strongly peaked n@athe scattering will  over frequency @) exhibits a parabolic dependence on hole
increase and hence tH#,, spectral weight will decrease concentration—similar to that found fdr.. In fact w, ap-
further. Correspondingly, one would expect that Cooper pairpears to scale withT. according to the relationiwg
ing of the highly damped “hot” quasiparticles to become ~5kgT., as has been suggested by ottfér§:*' The B,
increasingly unlikely in the underdoped regime. On this ba+tesponse function, &=20 K, increases linearly at low fre-
sis, the absence of a pair-breaking peak inBrig channel quencies in most of the samples studied. This observation is
for low doping levels p<0.12) is thus to be expected. This consisterft with the presence of nodes in the superconduct-
picture also accounts for the rapid reduction, with decreasingng gap, in the directionk,|=|ky|. The only exception to
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this linear behavior at low temperature was observed in thexception appears to be the fact that in the underdoped re-
B,y spectrum of an overdoped crystal wil,=87 K. In gime the spectral weight depletion, and the strength of the
this case the scattered intensity remained constant for all freBlgj renormalization in Bi2212, decrease less abruptlp &s
quencieso<90 cm L. It is interesting that in ARPES ex- decreased below 0.16.

periments carried out on an overdoped crystal with the same
T¢ it was found that gap was zero over an extended region of
the FS, which could be consistent witi~ constant below

a certain frequency. This constant is believed to be an artifact
associated with umklapp scattering from the superstructural The financial support of the Natural Sciences and Engi-
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