
leech may provide a system in which to re-
solve this important question.
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Nodal Quasiparticles and
Antinodal Charge Ordering in

Ca2–xNaxCuO2Cl2
Kyle M. Shen,1 F. Ronning,1* D. H. Lu,1 F. Baumberger,1

N. J. C. Ingle,1 W. S. Lee,1 W. Meevasana,1 Y. Kohsaka,2

M. Azuma,3 M. Takano,3 H. Takagi,2,4 Z.-X. Shen1.

Understanding the role of competing states in the cuprates is essential for
developing a theory for high-temperature superconductivity. We report angle-
resolved photoemission spectroscopy experiments which probe the 4a0 ! 4a0
charge-ordered state discovered by scanning tunneling microscopy in the lightly
doped cuprate superconductor Ca2–xNaxCuO2Cl2. Our measurements reveal a
marked dichotomy between the real- and momentum-space probes, for which
charge ordering is emphasized in the tunneling measurements and photo-
emission is most sensitive to excitations near the node of the d-wave
superconducting gap. These results emphasize the importance of momentum
anisotropy in determining the complex electronic properties of the cuprates and
places strong constraints on theoretical models of the charge-ordered state.

To explain the mechanism of high-temperature
superconductivity, it is necessary to under-
stand how the parent Mott insulator, charac-
terized by very strong electron-electron

repulsion, can evolve into a high–transition
temperature (Tc) superconductor upon the
addition of a relatively small number of
carriers. In the intervening region between

the Mott insulator and high-Tc super-
conductor, the so-called Bpseudogap[ re-
gime, highly anomalous physical properties
have been observed (1). Many attempts to
explain these unusual properties have cen-
tered around the possibility of competing
orders, such as orbital currents (2), nanoscale
charge ordering (3, 4), or electronic phase sep-
aration (5). The particular importance of
charge ordering has recently been under-
scored by the discovery of a distinct real-
space pattern of 4a0 ! 4a0 two-dimensional
charge ordering (2DCO) in Ca2–xNaxCuO2Cl2
(Na-CCOC) by scanning tunneling microsco-
py (STM) (6). Angle-resolved photoemission
spectroscopy (ARPES) can provide crucial

REPORTS

1Departments of Applied Physics, Physics, and Stan-
ford Synchrotron Laboratory, Stanford University,
Stanford, CA 94305, USA. 2Department of Advanced
Materials Science, University of Tokyo, Kashiwa,
Chiba 277–8561, Japan. 3Institute for Chemical Re-
search, Kyoto University, Uji, Kyoto 611–0011, Japan.
4RIKEN, The Institute for Physical and Chemical Re-
search, Wako 351–0198, Japan.

*Present address: Los Alamos National Laboratory,
Los Alamos, NM 87545, USA.
.To whom correspondence should be addressed.
E-mail: zxshen@stanford.edu

R E S E A R C H A R T I C L E S

www.sciencemag.org SCIENCE VOL 307 11 FEBRUARY 2005 901


