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2H structure 1T structure

a=3.314 A, c=12.090 A

Space group P6/mme A=3.364 A c=5.897 A

Space group: P3ml

Figure 1. Structure of the 2H-metallic transition-
metal dichalcogenides; @ chalcogens, C metals,

2H-TasS,




J. Al

Wilson ef al.

Fig, 3

107

#
e

J

S ————————— R
/‘ )
£

ol !

. mmm—————
e p———————

{T-Tase;

Fd

I 1 3 | . 1

o

100

200

300 400 500
T (°K)

600

200 F
? =
< 100 1
£ |
2 et NS SUSS S
2 4LHbTaS; -
< 2H/3R
o / ;
% 0t I i
N \ 1T-TaS; """
'L"w. — -‘P,.:‘pz-:m-—n---.---- ﬂ
| 1T-Ta SCZ 7
N 1 1 . t " . :
0 00 200 300 400 500 800
TCK) —




Coexistence and competition between CDW and SC:

2H-TaSe2, 2H-TaS2, 2H-NbSe2, 2H-NbS2

Teow: 122K (90K), 75K,
T..: 0.14 K, 0.7 K,

Na-intercalated 2H-TaS2:

CDW suppressed, but SC increases
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FIG. 1. Phase diagram: Stars, Tepy: filled squares, T,.. From
left to right: TaSe;. TaS;, NbSe,. and NbS; [2.3]. a is the
in-plane lattice spacing and ¢ is the interlayer spacing.



Figure 2. Schematic representation of the Fermi
surface of 2H-NbSe, unfolded into the double
Brillouin zone.

0. Seifarth et al /Jowrnal af Electron Spectrascopy and Related Phenomena 137140 (2004) 675-679

Fermi surface of 2H-TaSe,

intensity (arb. units)

axtend.
saddle band

=B

CDW wave vector is 1/3b (2/3I'M)
regardless of doping, or element.
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Figure 4. Lowest d sub-band (d. at I'} for the four 2H-vB dichalcogenides. The small
differences between the Nb and Ta compounds may be increased by relativistic corrections.



Fermi surfaces and band structures of the 2H metallic
transition-metal dichalcogenides

G Wexler and A M Woolley
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Figure 1. Structure of the 2H-metallic transition-
metal dichalcogenides; @ chalcogens, C metals.
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Typical behavior of partial energy gap at Fermi surface in R(w)
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Nd2-xCexCuO4 NL Wang et al. PRB 06
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Newly discovered Cu, TiSe,
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Only superconductor NaxCOOZ

with 1T structure a=2.84 A c=10.81 A,
space group: P6/mmc

2H + 1T structural block



Lattice parameter with x,
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Parent compound 1T-TiSe2

« 1T-TiSe2 was one of
the first CDW-bearing
materials

« Broken symmetry at
200 K with a 2x2x2
superlattice = 25|
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Band structure and lattice instability of TiSe,
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FIG. 1. Energy-band structure of TiSe, in the local exchange -and correlation model.



PRL 98, 117007 (2007)

PHYSICAL REVIEW LETTERS

week ending
16 MARCH 2007

Emergence of Fermi Pockets in a New Excitonic Charge-Density-Wave Melted Superconductor

D. Qian,' D. Hsieh,' L. Wray,! E. Morosan,” N. L. Wang,® Y. Xia," R.J. Cava,” and M.Z. Hasan'**

1,iD.epar.i'mem‘ of Physics, Joseph Henry Laboratories of Physics, Princeton University, Princeton, New Jersey 08544, USA
2.-Delt:'.:;!r.i‘mem‘ of Chemistry, Princeton University, Princeton, New Jersey 08544, USA

*Institute of Physics, Chinese Academy of Sciences, Beijing 100080, China

*Princeton Center Jor Complex Materials, School of Engineering, Princeton University, Princeton, New Jersey 08544, USA

-

Binding Energy(eV)

(b) Cu x=0.04 JINFINRANIH

T=250K

(b)

Binding Energy (V)

08 10 12

Momentum kj; (A7)

111
|-I\|.|I|
e |

Binding Energy (eV)

MiL— [VA—N/L

02 0 02

k (A1)
T=20K
(a) Cu x=0 {b) Cu x=0.04

AL

—
A /

08 1.0 12 081.012 081012
M1 M|

M« r—M[IIN

(c) Cu x=0.06

m

02 00 02-02 00 02 -02 00 02
Momentum kj; (A1)



VOLUME 88, NUMBER 22

PHYSICAL REVIEW

LETTERS

3 JunEk 2002

Electron-Hole Coupling and the Charge Density Wave Transition in TiSe;
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Photoemission of bands above the Fermi level: The excitonic insulator phase transition
in 17-TiSe,

Th. Pillo, et al. PRB (2000)
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Issue

« ARPES experiments did not resolve
conclusively whether the compound is a
semimetal or semiconductor with a small
indirect gap.

« The mechanism of the CDW transition:

not due to the Fermi Surface nesting or
saddle-point singularity



Optical measurement

Experiment:
Reflectivity R(w)
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Interband transition
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> 1T-TiSe2 is a semimetal with very low carrier density at
all T

> Carrier density changes with T, decreases from room T
to 150 K then increases slightly with further decreasing T

» Development of an energy gap ~0.15 eV below 200 K

> Dramatic different carrier damping at different T



Excitonic Phases W. Kohn, PRL 67
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FIG. 1. The insulating side. (a) Energy bands and
exciton band of the normal insulator. (b) The new ener-
gy bands after the first excitonic transition for succes-
sive values of the external parameter (e.g., pressure).
(¢) The second excitonic instability.
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of m and ¢ phases. (b) Total phase diagram, showing
an infinity of nested phases,

The electron-hole coupling acts to mix the electron band and hole
band that are connected by a particular wave vector.
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FIG. 1. Energy-band structure of TiSe, in the local exchange -and correlation model.




Cu-doped CuxTiSe2
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Reflectivity
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Optical Conductivity (S/cm)
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Cu, o, TiSe, crystal, Tc~3 K
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Plasma frequency increases
with decreasing T??
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Ferromagnetism from Undressing

J. E. Hirsch
Department of Physics, University of California, San Diego
La Jolla, CA 92093-0319
(November 19, 2002)

We have recently proposed that superconductivity may be understood as driven by the undressing
of quasiparticles as the superconducting state develops. Similarly we propose here that ferromag-
netism in metals may be understood as driven by the undressing of quasiparticles as the ferromag-
netic state develops. In ferromagnets, the undressing is proposed to occur due to the reduction in
bond charge caused by spin polarization, in contrast to superconductors where the undressing is
proposed to occur due to the reduction in site charge caused by (hole) pairing. The undressing
process manifests itself in the one and two-particle Green's functions as a transfer of spectral weight
from high to low frequencies. Hence it should have universal observable consequences in one- and
two-particle spectroscopies such as photoemission and optical absorption.

Cond-mat/0007454 (PRB (2000))



Transport properties in Cu,TiSe; (0.015<x<0.110) Single Crystal

G. Wu, H. X. Yang, L. Zhao, X. G. Luo, T. Wu, G. Y. Wang and X. H. Chen”
Hefei National Laboratory for Physical Science at Microscale and Department of Physics,
University of Science and Technology of China, Hefei,

Anhui 230026, People’s Republic of China
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Hall coefficient is almost T-independent for

superconducting sample!!




