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In this paper we analyze, using scanning tunneling spectrog&¥9), the local density of electronic states
(LDOS) in nearly optimally doped BBr,CaCyOg,s in zero magnetic field. We see both dispersive and
nondispersive spatial LDOS modulations as a function of energy in our samples. Moreover, a spatial map of the
superconducting coherence peak heights shows the same structure as the low-energy LDOS. This suggests that
these nondispersive LDOS modulations originate from an underlying charge-density modulation, which inter-
acts with superconductivity.
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[. INTRODUCTION objects. Moreover, Howalet al. showed that the LDOS
modulation manifests itself, for both a positive and negative
The scanning tunneling microscop8TM) has been an bias, as a shift of states from above to below the supercon-
important tool in the study of high-temperature supercon-ducting gap. The fact that a single energy sc¢a&e, the gap
ductors since their discovery. Initially, a variety of gap sizesappears for both superconductivity and these modulations
and structures were found and introduced much controversyuggests that these two effects are closely related.
into the subject. Later, a more coherent consensus among N subsequent studies at zero field, Hoffmenal 3! and
different groups emerged regarding the surface properties dfICEIroy et al®? measured the dispersion of the strongest
these highT, materials. To give a few examples, STM stud- Fourier peak along the—0 (i.e., Cu-Q direction. They as-
ies revealed the nature of the superstructure irserted that it was consistent with what is expected from qua-

- iparticle scattering interferené,n which a peak in the
Bi,Sr,CaCuy0g, 5 (BSCCO,! the d-wave nature of the gap S'Par '
and its sizé the effect of local impurities, the emergence of F-oUrier LDOS equals the momentum transfer wave vector of

zero-bias anomalies?® and the electronic structure of the the incident and scattered waves. In general, their data

) howed good agreement with photoemission res(les
,7 )
core of vortices'” More recent measurements suggest thagand structure resufts) at large bias, but did not continue to

superconductivity may not be homogeneous in highsu- gisperse below-15 mV
peripTduc_totr_s. In %atﬁlcular, S.TM. m\((egs@u@re?eBrgzgg?ﬂfoun To account forall the available da}ta in the full energy
Spatial variations of the gap size in n : range, Vojta® Podolskyet al,®® and Kivelsonet al3” have

While gap inhomogeneities have been found to dominat@own thabotha nondispersive or weakly dispersive charge
the electronic structure at large measured bias, more ordergglger and strongly dispersive quasiparticle scattering effects
structures underlying the-wavelike tunneling spectra have can occur at the same time in the presence of pinned fluctu-
been found at lower energies. A current topic of great interesting stripes. In particular, Podolskgt al, using explicit
in high- T, superconductors is the presence of spatial moducalculations, showed that for a system with incipient charge
lations of the charge and spin densities. Theoréficland  order the dispersioffor this particular effectis very weak
experiment&-?’ evidence has been mounting in support ofand less than expected by band structure. At low energy it
the possibility that their ground state exhibits spin- andconverges to the ordering vector rather than the vector cor-
charge-density wavesSDW and CDW, which may be pri-  responding to the nodal separation on the Fermi surface. A
marily one-dimensionafi.e., stripeg, or two-dimension&P  similar conclusion was reached by Kivelsehal. who em-
with a characteristic wave vector in the Cu-O bond directionphasized that at higher energies, for a relatively clean mate-
of q,-0=0.252m/ag). In STM measurements such a modu- rial, quasiparticle scattering interference will show a strong
lation was first seen by Hoffmaet al?® in a magnetic field  signal that overwhelms the weak charge modulation. At low
as a 2D checkboard pattern of LDOS, aligned with theenergies, the minimum energy required to overcome the fi-
Cu-O bonds, around vortex cores in slightly overdopednite superconducting gap means that only quasiparticles near
BSCCO with Ni impurities. The reported modulations the nodes participate and thus should give a wave vector for
showed a checkerboard ordering vector df,, the interference, which is larger than what was measured.
~0.232m/ay) extending to large distances when measuredrhe discrepancy was taken as evidence that another phenom-
at bias energy~7 mV. Howald et al® shortly afterward enon dominates at low energies.
reported this same effect in zero field on similarly doped In this paper, we present new data and analysis on this
BSCCO crystals without intentional substitution impurities. phenomenon, measured on near optimally doped samples.
The observed modulation with ordering wave vectpr, Using the same apparatus with the same experimental con-
=[0.25+0.03(27/ay) was found at all energies, exhibiting ditions as before, we show data for two of our samliesm
features characteristic of a two-dimensional system of linghe same growth rynone that has &ixed) two-dimensional
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ordering wave vectoq,_,=[0.25+0.03(27/a,) that domi- 2)
nates the dispersive signal over much of the energy réhge,
and one that has a stronger dispersive signal, which begins t
dominate from lower energies on up, yet still has a majority

of spectral weight for the lowest energies at wave vector
0,-0=[0.22+0.03(27/ay). We further show that for all the
samples studied, the density of states at the(@ap dl/dV <
at V=A) exhibits modulations with a wave vector similar to =
the low-energy pattern. Finally, we present evidence for the
interplay of these modulations and superconductivity by
showing the strong supression of the large-gap coherenc
peaks.

Il. EXPERIMENT
b)

We performed measurements using a homemade cryo
genic STM. The STM measures differential conducta@ce
=dI/dV, which is proportional to the LDOS. The samples
are near optimally dopegslightly overdopeg single crystal
Bi,SL,CaCyOg,s (T.~86—-87 K (Ref. 38 grown by a —
floating-zone method. They are cleaved at room temperatun‘f(;
in an ultrahigh vacuum of better thank110~° Torr, revealing
an atomically flat surface between the BiO planes. Then they
are quickly lowered to the cryogenic section at a temperature
of 6—8 K, where cryopumping yields orders-of-magnitude
better vacuum. Typical data were taken with a sample bias o
—200 mV and a set point current of =100 pA, which estab-
lishes the relatively arbitrary normalization for the LDOS.

We also performed measurements with a sample bias o
+65 mV and a setpoint current of +25 pA.

At each point on the surface, a spectrydi/dV versus c)
sample voltage/) was taken. The bias modulation for the
spectra is 1 my,s This, in addition to the time constant of
the lock-in amplifier used to recordl/dV, yields a total o0sh
blurring of the spectra of~3 mV. Although there are dis- _ H
crepancies when trying to fit a spectrum witd-avave func- i
tion, using the voltagéi.e., position of the coherence peak %

maximum for the gap valua yields a reasonable fit and is ; M-'\J i IR
the method we will use throughout this paper. The coherenceo Jl : A |
peak-heights map is made by evaluatiigdV at V=A [as S : : \"""“'-»,—/-F
shown in Fig. 1c)]. All maps have been constructed for posi- PR

tive sample voltage, as this yields a better signal to noise. o2} y]
This observation is most likely related to the asymmetry of i /

the conductance spectra, which are common to all BSCCC . . . \ A. . .
STM studies®® 92 015 o1 005 o0 005 01 015 02

Sample Bias (V)

FIG. 1. (Color) (a) Gap sizeA over a 140 A< 140 A area(b)
A. Spatial variation Coherence peak heigldivided by the average conductapeeith

. s . inverted color scale. Scan performed at +65 mV bias. Arrows indi-
Spatial variations of the superconducting gap on the sur-

cate direction of Cu-O bonds. Topographic supermodulatimt
facg Of.BSCCQ have been reported by severa] groups, a own is 45° to the arrows(c) Typical BSCCO spectrum with
their existence is now an established féct*°Typically the . sinitions ofA and G(A)
size of the gap varies on a length scale of roughly 30 A as '
was described in detail by Howalet all® The gaps vary clearly visible. The distribution of gap sizes in this view is
from small-gap regions of-30 mV to large-gap regions of depicted in Fig. 23), where the average gapAs=45.4 mV.
~60 mV. The large-gap regions usually develop from an av-The smallest scale features reflect some variation with
erage gap background with the largest gap at their c&hter.atomic resolution. In addition, the partial, nearly vertical
Figure Xa) shows the size of the gap mapped over a typicalines show that there is some correlation between superstruc-
surface. Patches about 30 A across of varying gap size atare and the gapFig. 1(a)].

G(A) |

o

Ill. RESULTS AND ANALYSIS
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An important feature of the gap-size distribution is that(V) at each point on the sample. In most cases modulations
the height of the coherence peaks is varying as well. There igre more visible in Fourier space where the length scales of
some correlation between these two effects: those spectkarious features are better separated. Figure 3 shows a Fou-
with the smallest gaps typically have taller coherence peaksier transform of the differential conductance of the area
This anticorrelation is depicted in Fig(t9, which shows the shown in Fig. 1 for two different energie€l0 mV and
variation of the gap size and the coherence peak height f@9 mV) as well as for the gaph (note that the majority of
the area in Fig. 1. The color scale of Figbiis inverted in  gaps are 30 m¥ A <60 mV for that region Circles are
order to demonstrate the anticorrelation shown in Figp) 2 placed at(27/a,)(+0.25,0 and(27/ay)(0, £0.25 as refer-
(e.g., regions with large gaps tend to have shorter coherengghce points.
peaks. As in previous resul (Fig. 4), for low energies we see

While there is a correlation between gap size and coherperiodic density of state modulations at a periodicity close to
ence peak height, it is not a simple one-to-one relationshipa,. The periodicity(as shown by the Fourier analysis
Thus the two maps can differ significantly. Aside from some(0.22+0.03(27/a,) for the data in Fig. 3. At low energies
high-frequency noise, the spatial variation in the peak height<15 mV), these modulations dominaf€ig. 3a)], but as
[Fig. 1(b)] is smoother, with no abrupt transitions betweengne goes up in energy, the strength of the overall signal
the regions. Next, we note the presence of an atomic corryncreases and moves to longer wavelengths in a very similar
gation that is stronger in one direction. This is most likely way to the results of McElrogt al32 This behavior is clearly
due to a convolution with the tip shape, as this effect showseen in Fig. &) where we show a Fourier transform for a
up in the topographic image as well. More importantly, it is sample bias of 29 m\(The color scale on the Fourier maps
clear that the peak height shows an ordered strugsge, has been adjusted to keep this signal within vjeit.higher
e.g., the lower-right corner of the figyria which the modu-  energies, above-35 mV, the signal is lost in the noise due
lation amplitude can be as greata80% of the mean peak to the appearance of coherence peaks that vary with position
height in some areas. on the sample. Although our experimerkaiesolution limits

By inspection of spectra from —200 mV to +200 mV, we precise quantitative statements we can make about any dis-
found that normalization by the setpoint current at +65 mVpersion, it is clear that overall, more spectra| We|ght is ap-
makes the peak—height map least sensitive to Contributionﬁearing at lowek-vectors as the energy increases.
from the superstructure as well as most of the lowector To show this dispersive effect, we take line scans along
structure(which is due to gap-size inhomogeneijiedddi-  the -0 and 0 - directions in Fourier spadé&igs. 3d) and
tionally, choosing a positive normalization voltage makes they(d)]. (Both directions give similar results, so we only show
spectra less dependent on the normal-state backgroungne) At each point along the line, we weight the neighboring
which is typically stronger on the negative bias side of theFourier points with a Gaussian filter of FWHM 1.6 pixels
gap3 Thus taking the scan at +65 mV bias largely removegwhich is not necessarily centered directly over a pixéhe
these features, as compared to a peak height map taken wiflues are then squared, summed, and a square root is taken.
a more common setpoint voltage of =200 mV. This simpleFinally, this value is normalized by the proximity of the line
procedure allows the peak height structure to be seen in the the various Fourier points. The values reported in the line
real space image. A map of the current at +65 mV for ascans are the total modulation amplitude in that region of
spectroscopic scan taken at —200 mV shows little to no sped=ourier space. Due to pixelation effects and the size of our
tral weight above the noise negr0.252w/ag), and, thus, scans, the uncertainty in the peak positions, as well as our
this procedure would not create the modulations we see. resolution, isAq=0.0327/a,). However, the normalization

) _ ) procedure and large filter width ensure that all of the features
B. LDOS modulations, dispersion, andG(A) (i.e., peaks seen are distinct and not due to pixelation arti-

To look for LDOS modulations, one typically looks at the facts(e.g., a broad peak will not be split into two by passing

differential conductanc&=dl/dV as a function of voltage the line scan between pixegls
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FIG. 3. (Colon (a) FFT of LDOS (dI/dV) at 10 mV. White FIG. 4. (Color) From previously published datasés) FFT of

arrow indicates direction of line scan. Circles placedagt o) FFT LDOS at 11 mV. (b) FFT of LDOS at 28 mV.(c) FFT of

of LDOS at 29 mV.(c) FFT of LDOS taken at the coherence peak LDOS taken at the coherence peak maxima with additional 65 mV
maxima.(d) Line scans as a function of energy showing the disper-normalization procedurésee Sec. Ill ¢ (d) Line scans as a
sion relation of the charge modulation periodicity. Black line is for function of energy. Black line is for the normalized coherence peak
the coherence peak maxima. All lines shifted for clarity. maxima.
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We observe that at all the energies showrnis@metimes ) G

weak) signal always exists near the four-period wave vector,
in agreement with Howaldt al2° Additionally, there exists a
signal at a slightly lowek-vector. This is most likely the
dispersive quasiparticle scattering interference peak since it
becomes suppressed upon an integration over energy, as
shown for example in Fig. 9 of the above wdfkif one <
follows the “main peak” as suggested by Hoffmetral. (i.e., =
using a single peak to fit both featuyethen dispersion is
inferred at energies above-15 mV. Other features also
show up at lowerk-vectors, such ag~[0.08,0.13,0.17
X(2mlag). The first two match features in a line scan of the
Fourier transform of the gap-size mége., spatial variations
in the gap size cause a change in the DOS via a widening or "
narrowing of the spectjaThe third may be a harmonic of 20 4060 X?,%) 100 120 140 160
g~ 0.0827/ag).
If we consider the modulations in the peak heigfigy.
1(b)] in Fourier spacdFigs. 3c) and 3d), black lingd, we
find that it is very similar to the low-energy modulatiffig.
3(a)]. The peak-heights map has a periodic structure close to
four lattice spacings[more preciselyq,_o=(0.22+0.03
X(2mlag)] even though the entire contribution comes from
energies above-30 mV [see Fig. 2a)]. By looking at the
LDOS based on gap size, we are sampling from a range of
energies whose spectra contribute in such a way as to give a
modulation at a higheg than would be predicted by quasi-
particle scattering for any of these energies alone. The peak
[or shoulder in the case of Fig(d)] at slightly lowerq is
likely to be from these quasiparticles at higher energies.
Finally, we note that to maximize the amplitude of the
peaks, our line scan in Fig.(® is rotated by~4° with
respect to the atomic positions. This is not surprising consid- c)
ering that our scan size is only over a few correlation lengths,
and, thus, defects can cause an overall rotation in the modu-
lations.
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C. Interaction with superconductivity

y(A)

Some other interesting effects can also be seen when one
compares the maps of the coherence peak heights and the
gap size. Here we show a previously published dat&gwit
has been taken over a larger arddg. 5. An additional
procedure we use here is to normalize., divide the indi-
vidual spectra by the current at +65 m\Wlore precisely, we
divide by the average conductance from 0 to 65 yhis is
similar to scanning over the area with this setpoint voltage of
65 mV (as in our previous figurgsWe note that this proce-
dure is only used to “clean up” the image so that certain fiG. 5. (Color) (a) Gap-size distribution over a 160°4160 A
features can be clearly seen in both real and Fourier spaggea. Arrows indicate direction of Cu-O bonds) Coherence peak
[note the lack of low-frequency noise in FigicH]. As men-  heights, normalizedc) LDOS at 8 mV, unnormalized, Fourier fil-
tioned earlier, this procedure does not add any artificiatered. Equivalent points on Figd) and(c) are marked by points A,
modulations. B, and C.

By comparing Figs. &) and gb) [or Figs. Xa) and Ib)],
one can see that the amplitude of the coherence peak DOS
modulations tends to be larger in the regions of large gap. Imoting that regions where the contrast is highipsint C, for
contrast, regions of small gap show modulations of reduceéxamplg correspond to large-gap regions. We note that the
amplitude. Since there are only a few modulation crests anthrge amplitude modulations are not simply due to the nor-
troughs within a particular region of large or small gap, thismalization procedurélarge-gap regions are renormalized to
effect is difficult to quantify. It can most easily be seen byhave higher LDOS due to the incomplete integration of the
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coherence peakssince they are actually a larger fraction of nondispersive or weakly dispersive nature. In the case of

the mean coherence peak height. “striped” structures, weak dispersion is expected because of
Figure %c) shows the real-space LDOS at 8 mV, after the finite size of the stripe domains and the interaction with

Fourier filtering near the(2m/ay)(+0.25,0 and (2w/a,)  the itinerant quasiparticle$:3’

% (0, +0.29 points in reciprocal space. We chose an energy While the above two examples result in aalmos)

where the signal from the underlying order dominates oveFEXEd' q orde{l(i.e., a true frozeln charge density visible in
the quasiparticle scattering interference signal. The filter idn€ LDOS at all energies at an almost constant wave vgctor

shaped like a circle, with a radius of 4 pixels in which no the existence of quasiparticl¢ the broad sens¥ in the

Fourier weight is suppressed. The edges then taper off like Br6S€nce of weak disorder may also add quasiparticle scat-
ering interference effect:* In this case, quasiparticles of

ﬁiussé?%gg?_ta (\;\;I?rt]g gf g:t?a?'xg!' ;1rthlrs1 :g;e:eengﬁgﬁgiﬁe%iven energy scatter off an impurity. The resulting interfer-
v Jority P weight | 9! Ynce between the original and scattered waves leads to varia-

does not favor one particular wave vector. The filtered imag?ions of the local density of states at wave veciprek —k’

shows a dominant four-period modulation that is almostyherek andk’ are the wave vectors of states with energy
checkerboardlike, but with dislocations in the form of extrag=¢(k)=¢(k’), as determined by the band structueék).
half rows. By following the modulations, one can see a 9€Njudging from measured band structure on BSCCO via
eral correspondence between the peaks of Kigh &nd the  photoemissiod? quasiparticle scattering interference effects
troughs of Fig. §c) and vice versa. The points marked A, B, should be strongly dispersive, as is indeed seen in STM ex-
and C are examples of this out-of-phase relatidme fea-  periments for energies greater tharl5 mV.
tures may not match up exactly because of noise or the slight However, analysis of all recent experimefitindicates
contribution from quasiparticle scatterind@his suggests that that both evidence for a fixed oscillatior?® and quasiparti-
where the low-energy modulations have an increased LDOSle scattering interferenge® have been found experimen-
the coherence peaks are suppressed and vice versa. In peily. Taking this point of view, it is clear that if there is an
ticular, this suppression is stronger for the large-gap cohemnderlying order coexisting with the quasipatrticle interfer-
ence peaks. ence structure, then one needs a way to separate out these
effects. The main problem here is that the large contribution
of the gap inhomogeneities and the strong dispersion of the
quasiparticle scattering interference cover up this underlying
It has been argued before that the competition betweearder. Following the ideas of Kivelsoat al3” Howald et
kinetic energy and Coulomb repulsion may lead to variougal.** showed that integration of the Fourier space LDOS over
forms of charge- and spin-ordered states. In particular@ wide range of energies reduces the influence of any random
“stripes” have been predicted to occur in dopedor dispersing features while at the same time enhances fea-
antiferromagnet$2134142The discover§?-4° of stripe order tures that do not disperse. Another possibility is to look for
in La,SrNiO,.s and soon after in Lg;_Nd, ,Sr,CuQ,*®  the interaction of these features with another order param-
added considerable credibility to the suggestion that stripeter, such as superconductivity. We claim that the periodic
states form an important bridge between the Mott insulatostructure observed in the LDOS at the g&gA) in Fig. 1(b),
and the more metallic state, which becomes Fermi-liquidlikes exactly this effect.
at heavy doping. The theory is that at low doping, static What we see is a return of features from the low-energy
stripes characterize a true broken symmetry state. Howevetregion (where saturation is observed in the plot of disper-
upon increased doping the periodicity of the stripes desion), suggesting that these features indeed exist and are re-
creases and coupling occurs. This is roughly the regiomated to superconductivity. In addition, the large amplitude of
where superconducting order wins over stripe order. Stripethese coherence peak modulations and the distinct peak near
will now exist in the superconducting phase in a dynamicalq=0.2227/ay), as shown in the line scan of the Fourier
sense, i.e., stripe order is fluctuating. Therefore no broketransform of the coherence peak heighiEsgs. 3d) and
symmetry is expected and, thus, to preserve the point sym¥(d)], is suggestive of some kind of coherent contribution
metry of the underlying crystal, a fluctuating checkerboard iSrom a nondispersive feature(Dispersive contributions
expected. STM, however, is a static probe and thus cannaetould cause a peak in the line scan to be broadened or sup-
detect any structure associated with fluctuating order unlegsressed, e.g., the peak/shoulder at low®ector)
something pins i¢-7:11.2930404[ndeed, the gap-size inhomo-  Our Fourier analysis from low energies up to the smallest
geneities discussed above and other forms of chemicaap sizes(where the noise from inhomogeneities over-
disordef® are a natural source for pinning and can makewhelms our signalsupports the picture presented earlier of a
stripes or checkerboards visible to STM in the form ofnondispersive or weakly dispersive feature negr
LDOS modulations. =0.2227/ap) in addition to a dispersive feature at a lower
Fourfold symmetrical order may also be a consequence dé-vector. It is likely that disorder plays a strong role in de-
strong interactions on the square lattice. When reduced to thtermining the relative strengths of these two signals and ac-
low-energy Plaquette Boson Fermion Model, the systentounts for the differences between our samples. We find that
shows a checkerboard structure due to the tendency of thikie large amplitude of the lowérvector feature swamps out
model to locally prefer a four-boso(an antiferromagnon the nondispersive feature at higher energies, but becomes
triplet and ad-wave hole pair state(i.e. doping of 1/82%4%  weaker as one goes down in energy, until at approximately
In either of the above theories, this underlying order has @5 mV the nondispersive signal dominates, thus explaining

IV. DISCUSSION
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the saturation. The additional line scan for the Fourier transmore apparent in, but not exclusive to, these regions. More-
form of coherence peak heights can be seen as a way wver, both the modulation and superconductivity seem to co-
remove the effects of gap-size inhomogeneities to reveal thaixist at low temperatures for all gap sizes except that in the
a structure afj~0.222w/ay) still exists at higher energies. small-gap regions, the peak-height modulation amplitude is
It makes a similar point as the spatial maps of the coherenceuppressed as discussed above. However, since the
peaks, namely, that by selectively sampling fromhighen  pseudogap is likely not a true phase transition, and, in terms
energies related to superconductivity, the low-energy featuresf hoth doping and temperature, the system may be relatively
reappear. far from a charge ordering critical point, ordering may be
Finally, we note the correspondence of théseherence (anyous. Upon lowering the temperature, the system under-
peak-height modulations to the superconductivity as deter-gaeg 5 true phase transition into the superconducting phase

mined b.y the size of the gap. First, We_observe that th here one expects the fixed-wavelength modulation phe-
modulation structure that resides in the regions of larger 9aPSomenon to be strongly pinned in the presence of disorder.

is the most pronounced. These large-gap regions with lo . . . . "

coherence ppeaks generally resemgbleg sFIJight?y underdope%e see this effect as a nondispersive signal that additionally

samples® On the other hand, the modulation is suppresse anifests itself in the coherence peak heights of the tunnel-
' i |ng spectra.

and the coherence peak heights are more uniform in smal
gap regions and tall coherence peaks. Gaps in these regions
are more similar to gaps found in overdoped samplehis
is consistent with the notion that beyond optimal doping, @ The observation of spatial modulations in a quantity that
more homogeneous charge density exists as the system tendSyg|ated to the pair amplitude, i.e., the coherence peak
more toward a Ferm_|-I|qU|d state. . . heights, points to the intimate relation between superconduc-
.8.UCh an observation does n_ot necessar.ny point out a CorTfl'\/ity and the charge modulation. This is strong evidence that
petition between charge-density modulation and SUpercon o underlying modulation aj~0.2227/a,), which exists
ductivity, but rather reinforces the idea that the two ef“fectsdown to low energies, yet reappears at éap energies, is a

coexist at and below optimal doping. One possible interpre- C L
o . . .~separate effect from the quasiparticle scattering interference
tation is that the fluctuating stripe/checkerboard phase exis b d P 9

in all th . bel imal dopi d tS'Signal. Further analysis of the energy dependence suggests
]|cn ?h gtreg|onz elow op !”:a oping, e}n ' aﬁ onetrr]nove%at the “saturation” seen in plots of dispersion can be ex-
urdelr 'tf‘ 0 O\éer opmg(é._e.{ 'Dr? :jeggns obsma t_gap fh lained by the dominance of this nondispersive signal at low
fmo uia |0n|s ectotr;:e |n;|\r}|s ﬁm 11220 hse;va |(()jns_, ner energies. Finally, the observation that these modulations sup-
ore, complement those ot vershing al.™ who found simi- ress the coherence peaks most strongly in large-gap regions
Ia_r patterns in the pseudogap regime of S';th'y underdope consistent with a phase diagram that has an ordered phase
Bi,S,CaCuy0s. As noted by Kivelsoret al,*" the effectof - g underdoping and tends toward a more homogeneous
quasiparticle scattering interference should disappear at te
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