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Anomalous temperature dependence in the photoemission spectral function of cuprates

C. Kim,* F. Ronning, A. Damascelli, D. L. Feng, and Z.-X. Shen
Department of Physics, Applied Physics and Stanford Synchrotron Radiation Lab., Stanford University, Stanford, California 94305

B. O. Wells, Y. J. Kim, R. J. Birgeneau, and M. A. Kastner
Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

L. L. Miller
Department of Physics, lowa State University, Ames, lowa 50011

H. Eisaki and S. Uchida
Department of Superconductivity, The University of Tokyo, Yayoi 2-11-16, Bunkyo-ku, Tokyo 133, Japan
(Received 12 March 2001; revised manuscript received 6 March 2002; published 23 Apnil 2002

Temperature-dependent angle-resolved photoemission experiments were performed on overdoped single
layer BLSr,CuGQ; (T.~4 K) and on the parent compounds,SuO,Cl, and CaCuO,Cl,. Contrary to the
more conventional results obtained on,®,CuG;, the parent compounds show strong temperature depen-
dence over a wide energy range that is two orders of magnitude larger than the temperature scale involved. The
doping dependence strongly suggests that the anomalous temperature dependence has its origin in the novel
many-body physics in the Mott insulators. We consider the observed temperature dependence using a heuristic
model with multiple initial and final states in the photoemission process. The nature of the multiple states and
broad photoemission line shape in parent compounds is also given.
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I. INTRODUCTION tively narrow energy range of the order of the gap enérgy.
Here we report on the anomalous temperature dependence
It is believed that the doped Cy@lane is responsible for observed in ARPES data from the parent compounds
high-temperature superconductivitHTSC). This doped SKLCUGCl, (SCOQ and CaCuO,Cl, (CCOQ. The com-
CuO, plane shows many peculiar properties that cannot b@arison of these results with those on single-plane
explained within the simple single-electron picture. The mainBi2SRCuGs (Bi2201) in the overdoped regime shows dra-
difficulty is that the relevant electrons experience very larggnatic contrast, even though these systems are similar in that
on-site Coulomb repulsion, as they reside in the localized Cthey have a single Cuplane per unit cell. Whereas weak
3d orbitals. Even though superconductivity only occurstémperature dependence is observed on Bi2201, the photo-
within a limited doping range of the CyQlanes, for a bet- emission(PE) spectral functions of.the parent compounds
ter understanding of the problem it is crucial to study theShOW & very strong and unconventional temperature depen-
entire doping range, including the undoped systéies, the dence. _It is difficult to explain the strong temperature depen-
so-called parent compounidsn this context, angle-resolved dence in the undoped compounds by the simple phonon

photoemission spectroscop§RPES has proved itself to be Proadening seen in conventional band materials and the dras-
an extremely powerful tool. In fact, ARPES studies of tic difference in the temperature dependence indicates a rapid

Sr,CuO,Cl, and related materidis* have greatly contrib- change in the many-body effects as one moves away from
uted to the understanding of the electronic structures of thé1e boundary of the Mott transition. To account for the en-
CuO, planes. ergy scale of the temperature dependence as well as the dop-
One of the very interesting observations in spectroscopiéd dependence, we discuss the transfer of spectral weight
studies of transition-metal oxides is the mismatch betweeffonsidering multiple initial and final states in the PE process.
the energy scale of the temperature dependence and the teMfithin this picture, the spectral intensity is transferred from
perature involved. For example, optical experiments ofterPn€ final state to another upon changing the temperature due
show changes up to several electron volts with a temperatur@ the population shift in the initial states. The implication of

change of the order of 100 KThis mismatch of energy scale this interpretation of the ARPES spectra on the understand-
by two orders of magnitude cannot be understood by triviaing of electronic structures of correlated electron systems is

thermal broadening and is likely an indication of many-bodydiscussed.

processes in the system, and is probably related to anoma-

lous nonconservation of the optical sum rule seen in these Il EXPERIMENT

materials® Relatively speaking, much less detailed tempera-

ture dependent ARPES experiments were performed on these ARPES data were taken at beamline V of the Stanford
materials. In most cases, experiments on HTSC materialSynchrotron Radiation Laboratory. SCOC and CCOC single
were performed above and below the superconducting trarerystals were grown by the standard solid-state reaction
sition temperatures, where the change is observed in a relaethod® Overdoped Bi2201 withT,=4 K was grown by
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FIG. 1. Temperature-dependent ARPES spectra taken at 15 10 05 0
(27/3,0) and ¢r/2,7/2) on SCO{panels(a) and(b), respectively Binding Energy (eV)
and at (0.4r,0.47) on CCOC[panel(c)]. The three sets of spectra )
correspond to the little shaded foot structure in the valence-band F!G- 2. Comparison of temperature-dependent ARPES spectra
data shown in the inset of par@). The inset in pandlb) shows the ~ @long the(0,0) to (,0) cut on SCOC and overdoped Bi2201. The
percentage change in the integrated low-energy spectral weigftumber on each spectra shows the distance @@ to the (r,0)
AS(T) as defined in the main text. The inset in pafeishows the ~ POINt in percentage. The spectra have been normalized only by the
positions in the Brillouin zone where the spectra were taken, witHncident photon intensity. Note that the energy scales for the two

the size of the circles representing the angular resolution. panels are different.

the traveling-solvent floating-zone method. The crystals werCIved. For both points in the BZ, upon lowering the tem-
oriented by the Laue method prior to the experiments andperature, the peak becomes stronger and shar_pe_r, and shifts
then cleavedn situ in a pressure better thanxaLo ! torr. to lower _energ|e$note that the (_)bserved pgak shift is no_t due
With 22.4 eV photons, the total energy resolution was typi-1© charging of the sample as it would shift the peaks in the
cally 70 meV, and the angular resolution wad °. Extreme opposite direction Even the higher-binding-energy side
caution was taken to have fair comparison of the spectra fophich has often been regarded as background shows a strong
different temperatures. The data were normalized only by thlémpPerature dependence. Figute) presents a set of spectra
incident photon intensity. To check the reproducibility andt@ken at (0.4r,0.4m) on the similar compound CCOC, for
exclude extrinsic effects such as sample aging, experimengEVveral temperatures. As shown by a direct comparison be-
were repeated on the same cleaved surface cycling the terfye€n Figs. tb) and 1c), the spectra of SCOC and CCOC

perature. Care was taken to ensure that there was no chargififpP!2y gualitatively the same behavior. To quantify the
problem. temperature dependence, the normalized low energy

spectral weights for SCOC defined asAS(T)
=[|[I(T,E)/I(150E)]—1|dE are plotted in the inset of
panel(b). Herel (T,E) is the photoemission intensity at tem-
The inset of Fig. 1a) shows ARPES spectra of SCOC perature T and energyE. The integration windows for
taken at two temperatures. The spectra consist of a wid€2/3,0) and @r/2,77/2) are 1.2 eV and 0.45 eV, respec-
main valence band with a small foot on the lower bindingtively. The exact values of the energy windows do not affect
energy sidé. The spectra show strong temperature depenthe overall behavior of the temperature dependence.
dence over the entire valence band. While we believe the To further investigate this issue, we performed tempera-
temperature dependence seen on the main valence bandtise dependence measurements on overdoped Bi2Zp1 (
due to the same effect that will be discussed later, it is more=4 K) and compared the data to those on SCOC. Both of
complicated in the case of the main valence band becausethiese materials have very similar Cuflanes and their elec-
has multiple bands. We thus concentrate on the foot structurteonic properties are extremely two dimensional. The essen-
which has a single band character according to the bantal difference between the two is the doping, with the over-
structure calculation$ Figures 1a) and 4b) show the low- doped Bi2201 having effectively smaller electron-electron
energy part of ARPES spectra from SCOC for several temeorrelations. The idea is to test if the anomalous temperature
peratures and two differerit-space points in the first Bril- dependence seen in Fig. 1 is related to many-body effects
louin zone(BZ), as indicated in the inset in Fig(d. The that change with doping. In addition, doping dependence
detected peaks are often referred to as the quasiparticle peaitsidies in cuprates quite often provide insightful information.
and are the states witl,2_,» symmetry from the Cu® The results are shown in Fig. 2 for several seledtepace
plane. What catches one’s eye is the large temperature dpeints along th€0,0) to (7,0) cut for 200 K and 300 K. The
pendence over a large energy scale, more than 1 eV which eontrast is striking and represents the most convincing evi-
two orders of magnitude larger than the temperature indence that the temperature dependence observed on SCOC

Ill. EXPERIMENTAL RESULTS
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and CCOC is due to many-body effects in the Mott insulatorsa) Initial State d)
that go away with doping. While a very strong temperature Ph;:;“k (Aior B) Low T High T
dependence is seen at differdnpoints on SCOC, Bi2201 N
shows a weak temperature dependence similar to what on Sample s
would expect from thermal broadening in a simple metal, "
with the most evident effect being the weak decrease of peal (Ao ) ./
intensity upon increasing temperature. Photoelectron
yup g P g (Ape or Bpe) Photoelectron Energy
IV. INTERPRETATION BY SPECTRAL WEIGHT b) el Grtee Firel B c)>\ At T=0 A0
TRANSFER (N electron)  (N-1 electron) & A A
. . . . Bt i i e
A. Failure of the conventional interpretations § g 3
There are conventional ways to explain the temperatured 5 % >Tran3fer
dependences seen in photoemission spectra. The first is the§ R —a— 2 —
mal smearing due to the Fermi-Dirac statistics. The effects B i ' & . e
results in broadening of a Fermi step by4kT. This is Ai Spectral Weight

purely elgctronlc in origin and _app|le§ iny to the states near FIG. 3. Panela): Sketch of the PE process. Parib): Model
the Fermi energy as the effect is negligible once the states are . : I

. system to discuss the spectral weight transfer. The system has initial
away from the Fermi energy. Hence, the temperature deperi

d in Eig. 1 be the th | . ff tatesA; andB;, and final statéd; andB;. Only transitions from
ence seen in Fig. 1 cannot be the thermal smearing eflect. i to A¢, and fromB; to B; are allowed. The resulting PE spectra

more common explanat_ion for t_he temperature-depend_ergt different temperatures are depicted in paf@l As shown in
photoemission spectra is the simple phonon broadeninganei(d), the shift of peak position observed in the experim(&id.

Here we emphasize that, by saying “simple phonon broady) can now be understood as transfer of spectral weight due to the
ening,” we refer to the case of band electrons interactingxistence of multiple initial and final states.

with phonons as seen iconventional band materialdn-

deed, such an effect is expected in PE spectra similar to whapectral weight as the temperature is increased. This is unex-
is found in neutron and x-ray scatterffigwhere the de- pected on the basis of simple phonon broadening because
creased intensities of diffraction peaks upon increasing temhermally excited phonons only reduce the spectral weight of
perature are described by the Debye-Waller faaof"V  the PE featurd®

(whereW«T). In addition, the simple phonon effect is also

responsible for alweak temperature-dependent shift and B. Overall view of spectral weight transfer

broadening of the PE peaik%.However, there are reasons ) ) )
why the behavior shown in Fig. 1 is difficult to reconcile __The contrasting behaviors in the data from SCOC and

with pure phonon effects that are observed on conventionaFPizzo_l indicate that the _anomalous temperature depeno_ler_lce
systemgsystems with noncorrelated electroriirst, the en-  S€€n in the SCOC data is due to a many-body effect. Within
ergy scale is larger than the phonon energy scale. For tHgis framework, it is possible to construct a heuristic model

simple phonon effect, one expects a broadening of the pea?? account for the large energy scale temperature dependence
AEigin=2mA\KgAT (kgAT~25 meV for AT=300 K) ©n insulating systems by considering the spectral weight

where\ is the electron-phonon coupling parameter &b tr_ansfer between_lnultiple final stategwhose nature will be
is the temperature changkThe electron-phonon coupling discussed belowin the PE process. To understand the spec-
parameten is usually less than IA=1.15 for B€000D tral weight transfer, one cannot use a simple view of PE as a

surface states which have very strong electron-phonon cofliréct mapping of band structure. Instead, one must use the
pling] and is expected to be smaller for band insulatdrs. general view of PE as an excitation process of a system from

Therefore, such a strong temperature dependence over2d initial state to a final state and a photoelectron as depicted
large energy scale shown in Fig. 1 is unlikely to be inducedn Fig- 3@. Measurements of the energy and momentum of

by the simple phonon broadening. Another fact that is noth€ Photoelectron give the energy and momentum ofNhe
consistent with the simple phonon effect for the observed™ 1 €lectron final state through the conservation laws

temperature dependence is the peak position Alkiff . In _: .

Fig. 1 we can observe\E>100 meV for AT~200 K, ki=KpeT ks~ (momentum conservation @

whereas the energy shift due to a simple phonon effect is at hv+E=E,+E, (energy conservation ©
i pe

most 50 meV\°~12Second, the intensity change in Fig. 1 is
much more than what one would expect from a simple phowherehw is the energy of the photoR, ki, k¢, Eye, Ej,

non effect in a single-band materfd:12An apparent excep- andE; are momenta and energies of the photoelectron and
tion is a comparable intensity change observed ofilAD) initial and final states, respective(pere “state” refers to a
(Ref. 13; it is, however, due to the reduction of the photo- state of the whole system, not to a one-electron ktate
electron diffraction signal by phonons and thus observed Let us consider an idealized system as the one depicted in
only for a specialk point (normal emissioy unlike the Fig. 3(b). Before the PE process, we have two initial states
present case. In addition, some of the SCOC spectra in th&; and B;, very close in energy. After the PE process, we
left panel of Fig. 2(the top and the two bottom sgtgain  also have two final states\¢ and B, with one fewer elec-
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tron compared té; andB;) which are, contrary to the initial (a) Initial State (d) Possible PE States
states, far apart in energy. Now let us assume the transition A
from A; (B;) to A; (Bs) is allowed but is disallowed to . , &

B: (Ay), due to thdifferent symmetrpf A; andB; in regard
to the dipole selection ruleAt 0 K, the probability of the
system being in statd; is 1 and inB; is 0, according to Typell
Boltzman statistic§Fig. 3(c)]. As a result, only the photo- ////
electrons A,.) corresponding to the final stafg are emit- -

ted. Note tr?at the photoelectrdy,, has energy higher than %/%}/}}//y//////////
B,e because of energy conservation. When the temperature

of the system increases, the probability of finding the system

in stateB; increases too, and hence we begin to see transi- (b) Type | Excitation (c) Type Il Excitation
tions to stateB;. That is, spectral weight isansferredfrom

Af to B;. Note that the stat®; can be energetically quite
separated from the sta#®;, and this energy scale is not
related to the temperature sc&lgl (the latter only controls

the initial-state distributionand in principle can be orders of
magnitude larger. What is described here is an idealized case.
In reality, A; (B;) would have a finite transition amplitude to

B¢ (A;) too. But if there is any imbalance in transition prob-
abilities, a sizable spectral weight transfer will be observed.
Indeed, numerical studies based on many-body theory show
a temperature dependence in ARPES spectral functions with
energy scale much larger than the temperature $¢athis
effect is also relevant for other spectroscopic methods, such
as optical measurements, to explain the observed tempera-

ture dependenci§§736'5 Single Electron Momentum > Single Electron Momentum »

Single Electron Energy

>
Single Electron Momentum

Photoelectron

N

hv

»
!
»
|

/Ef ! Ef

Single Electron Energy
Single Electron Energy

FIG. 4. (a) The initial (ground state of a noninteracting electron
C. Multiple final states system(b) A final state with only one electron removésgtpe I) and
the resulting PE state(c) Another possible final state with an

A necessary condition for this mechanism to work over aelectron-hole pair in addition to the photohole. The resulting pho-

large energy scale is the existence of ”T‘“'“p'e final states ( toelectron is not on the “band.(d) Regions of phase space where
and_ By in the examplés_pr(.aad over a W'de,e”efg,y range for possible PE states exist. Type Il is a superset of type Il, but labeled
a given momentprk. This |.s'unexpected with a silmple VIEW 55 shown in the figure for clarity.

of ARPES as direct transition between the rigid electronic

bands, which works only in the noninteracting electron pic-shown in panelc) (type II), the resulting PE state is not on
ture in a strict sense. With electron correlation, a possiblehe “band” [the PE states in panéb)] but away from it to
distribution of the final states over a wide energy range camatisfy the energy and momentum conservation laws. Like-
be described in the following way. For simplicity of the dis- wise, we can consider two electron-hole pdisge I1l) and
cussion, we start with a simple noninteracting electron sysproceed to construct all the possible final and corresponding
tem in the ground state. As stated earlier, in a rigorous sensPE states. The possible PE states constructed this way are
the PE process should be understood as a transition betweshown in paneld). The thick line represents the PE states
initial and final states of theystem Figure 4a) depicts an  with the type-I final states depicted in par(@). The gray
initial state (ground state for simplicifyof a noninteracting area represents the PE states with the type-ll final states
electron system. In pandb), a possible final state of the shown in panelc) while the hatched area represents type-lil
(N—1)-electron system is shown. The energy and momenstateg note here that type Il is a subset of type Ill, but it is
tum of the photoelectron can be obtained according to Eqshown as in paneld) for clarity].

(1) and(2). The resulting PE statdstates in phase space that  As is shown above, there can be multiple PE states over a
the photoelectron can occupare plotted in the same panel. wide energy range for a given momentkmThis is due to
Note that, in the final state of theN(-1)-electron system, the fact that the photoelectron reflects the properties of the
the only difference is in one of the initially occupied single- many-body systenit is, however, important to note that only
electron stategtype ). The PE states associated with type-I the type-| states havepectral weigh{transition probability

final states are the usually perceived PE states and they rand thus are observable in the case of noninteracting electron
produce the initial one-electron band. For this reasonsystems. That is, only a single statelsservedor a givenk
ARPES is often referred to as a mapping of the band strucfor a noninteracting electron system. In the case of interact-
ture. However, there is na priori reason why only the ing electron systems, the system wave functions can no
type-I final states shown in pané)) should be considered. longer be expressed as a single Slater determinant and other
For example, if we consider a final state of tie- 1 system states such as type Il will have spectral weitfhin this case,
with an electron-hole pair in addition to the photohole asa broad distribution of PE states for a givkrwill appear
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and the breadth of the observed spectral feature consisting oése, the interpretation of the temperature dependence by

such multiple states is related to the strength of the correlaspectral weight transfer is largely unaffected.

tion. In a single-particle description of the excited states of

the many-body system such as Fermi liquid theory, this o

breadth is interpreted as the lifetime of the quasipartitié® D. What are the initial states?

These multiple states appear due to the electron correlation Possible candidates for the initial states depicted in Fig. 3

or configuration interaction. This effect also causes the satmay result from instabilities leading to charge and spin or-

ellite structures, shakeoffs, and shakeups observed in thdering in many transition-metal oxides. Indeed, ARPES re-

photoemission spectroscoffy? 22 sults on Zn-doped BBr,CaCyOg (Zn is believed to favor
Calculations based on many-body thegsuch as Hub- magnetic ordering in this materjashow an enhanced tem-

bard ort-J model$ with realistic parameters for cuprates Perature dependence compared to the Zn-free ¥a3ptical

show multiple final states spread over the several eV energjp€asurements on unreduced,NgCe,CuQ, also show that

range, supporting the discussion ab8¥&lectron correla- SPin and charge instabilities can cause a strong temperature
tion plays an important role in this new interpretation bydependencé.Smce there are no such instabilities in SCOC
rgnd CCOC, the natural question is, what are the initial states

multiple states are observed in the data shown in Fig): 1 that are energetically close and give different transition prob-

the peak is very asymmetric and appears to have a secor%?“mes (due to different symmetrigsfor the final states?
structure at-1.2 eV binding energy. Spectra taken at cer-"¢ obvious candidate is the phonons. As discussed before,

tain k-space points show the second feature and addition r]umerical work based on many-body theory shows that in-
hiah P P tat learly th tRérEhe two f Rusion of phonons greatly increases the ARPES linewidth,
\gher energy states more clearly than o € wotea  \yhich in turn means the phonon states are bridged to differ-

) . ) . ) %nt final stategnote again that the phonon energy scale is
spectral weight, with the rest of it being buried under theygjeyant only to the initial energy scale with the large final-
main vilence band at higher energies according to numeric@late energy scale being provided by the electron-electron
results”* The shift of the peak position seen in Fig. 1 may orrelation and this picture thus differs from simple phonon
further imply that even the peak—for example, shown in Fig.proadening Even though temperature dependence studies
1(c)—may consist of multiple final states as some theoreticahased on the¢-J model without phonons show a very large
work suggest$? In this case, the breadth of the peak is dueenergy scale, the degree of the temperature dependence is
to the existence of multiple final states rather than an exmuch smaller than the experimental observation shown in
tremely short photohole lifetime as mentioned ab®/&he  Fig. 1141t was found that inclusion of phonons in this model
peak shift can then be understood as the consequence of thehances the temperature dependence in addition to giving
transfer of spectral weight as illustrated in Figd8As tem-  the broad width which was difficult to produéeAt low
perature increases, the lower-energy states are suppressechperature, the system is more likely to be in the ground
and the spectral weight is transferred to higher-energy statestate. At a higher temperature, the probability of the system
The peak appears to move to the higher-energy side eveo be in a thermally excited phonon state increases, resulting
though the positions of the final states do not move. Withinin a redistribution of the spectral weight in different final
this interpretation, the peak position is not the position of astates.
state, but simply the centroid of a multiple-state structure.  Another possibility comes from the the low-energy spin-
In regards to the broadness of the lowest-energy peak dislipped states in SCOC and CCOC. These spin excitation
cussed above, numerical results based on-thenodel show states may be the initial states with different symmetries.
the lowest-energy peak always standing out independent dfurning our attention to the data shown in Fig. 2, we know
the cluster size similar to a sharp quasiparticle pé&k5. that the difference between SCOC and Bi2201 is essentially
This is quite different from what is observed experimentallythe doping level. Upon increasing doping the antiferromag-
where the width of the lowest-energy peak is at least 30Metic (AF) correlations decrease. On the very overdoped side
meV as shown in Fig. 1. One of the explanations may be thathe CuQ plane becomes an almost paramagnetic system;
t-J is a very simplified Hamiltonian and cannot explain thethat is, magnetism is very wedkThese results from SCOC
experimental results. Indeed, calculated spectra of the onend CCOC along with the Bi2201 case therefore may sug-
dimensional 1D) system based on a more realistic Cu-O ringgest that magnetism is related to the strong temperature de-
show more states, making the features broader compared pendence seen in ARPES spectra of SCOC and CCOC. As
simple t-J results?® Another possibility is from the role of discussed above, these states may be bridged to different
phonons. Theoretically it was found that incorporatingfinal states by the dipole selection rule, hence strongly affect-
phonons intat-J calculations greatly increases the width of ing the ARPES line shape as the probability of thermally
calculated Raman spectra, with the magnons providing thexcited spin states increasing at higher temperature. This
energy scale and phonons providing coupling between differmeans that thenagnetisnin these systems may be respon-
ent state$® A similar mechanism may be responsible for the sible for the anomalous temperature dependence.
broad line shape in photoemission spectra with the phonons The idea that magnetism greatly contributes to the strong
giving the coupling between the multiple states describedemperature dependence is supported by other experimental
above. It is unclear which one is more responsible and weesults. ARPES spectra on 18Sr,Mn;0;, (Ref. 33, as well
leave this as an open question for future studies. In eithems optical measurements on SCEfCYBa,Cu;0g,* and

allowing multiple final states over wide energy range. Suc
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FeSi® suggest that the magnetism contributes to strong temextremely short photohole lifetiméhence extremely short
perature dependence over a large energy scale. In particulanean free path'®?° However, there is a strong discrepancy
a detailed analysis of the bimagnon-plus-phonon spectrum dfetween the lifetime directly measufédn pump-probe ex-
YBa,Cu;0g (Ref. 35 and SCOQRef. 37 not only suggests periments £/7<10 meV) and the one inferred from the
the magnetism as an essential part of the observed optickthewidth of ARPES spectra~+4300 meV). In addition, re-
absorption, but also indicates that the continuum of excitaeent measurements of the thermal Hall conductivity also sug-
tions extending to very high energy-(L eV) is due to spin gest a very long mean free path, about 200 times longer than
fluctuations(the higher the temperature, the more severe theyvhat is inferred from the sharpest ARPES pé3s dis-
are, which are responsible for strong local deviations fromcussed above, a “peak” consists of multiple states and its
the Neel state in 2D undoped cuprates. One particular prewidth does not reflect the photohole lifetingghysical time
diction of this interpretation is that the strong temperaturebut the strength of correlations which give rise to the mul-
dependence should disappear when the system beconigsle states. This naturally explains the general trend of
paramagnetic at high temperature. Supporting evidence fdsroader spectral features towards insulating stdtddore
this picture may be the temperature-dependent optical meanportantly, the observed temperature-dependent redistribu-
surements on unreduced NgCe,CuQ,. The measurements tion of spectral weight suggests that the multiple states
show that the temperature dependence disappears above 34ithin the peak may have different properties and hence the
K when the system becomes uniformFor SCOC and single-particle description of the excited states fails, the pos-
CCOC (Ty=256 K), however, this temperature is too high sibility of which was raised soon after HTSC was
for ARPES measurements. The data in the inset of Rig. 1 discovered?
appear to show a slope change aroung similar to the In summary, we performed temperature-dependent
optical data on SCO&’ but the energy window is not large ARPES measurements on single-plane cuprates. Whereas the
enough to make a concrete conclusion. Therefore, experspectra on overdoped Bi2201 show a rather weak tempera-
ments on an AF system with a small(small enough to ture dependence, in the insulating parent compounds SCOC
access the paramagnetic sja#s well as on insulating 2D and CCOC we observed a very strong temperature depen-
nonmagnetic samples should be important to verify our attridence(both in energy and intensitywhich is not expected
bution of the strong temperature dependence to magnetisnin a noninteracting electron picture. This indicates that
In the above, we proposed phonons and low-energy magnany-body effects originating from the strong electron cor-
netic excitations as the possibilities for the initial states inrelations characterizing the Cy@lane have to be taken into
SCOC and CCOC. Even though which one contributes moraccount. Phonons and magnetic excitations are discussed as
is an interesting question, it is worth noting that separatingpossible candidates for the low-energy initial states. We
the two cases may not be possible: there is no crystallinehow that the anomalous temperature dependence can be ac-
system that does not have phonons and correlated systeragunted for by considering the transfer of spectral weight
considered here mostly have magnetism. Therefore, experidetween multiple initial and final states in the photoemission
mentally finding out which is more responsible is a veryprocess. In this context, only the initial-state configuration is
difficult task and may only be possible theoretically. Moreinherent to the experimental temperature scale. What is dis-
importantly, it may also be that we need both of them to havecussed in this paper has important implications for the un-
the observed anomalous temperature dependence; that @grstanding of not only the ARPES line shapes but also data
magnetism and phonons play on top of each other to produdeom other spectroscopic methods in correlated electron sys-
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