Optical study on CuxTiSeZ2
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Outline

e Introduction to transition metal dichalcogenides
1 T and 2 H phases

e CDW mechanism of Parent compound 1T-TiSe2
excitonic
semimetal or semiconductor?
Kohn-Overhauser-type

e Cu-doped compound CuxTiSe2
evolution
x=0.07, anomalous metallic state
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CDW wave vector is 1/3b (2/3I'M)
regardless of doping, or element.

Fermi surface of 2H-13Se,
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Typical behavior of partial energy gap at Fermi surface in R(w)

2H-TaS?2
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Fermi surfaces and band structures of the 2H metallic
transition-metal dichalcogenides
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Figure 1. Structure of the 2H-metallic transition-
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Newly discovered Cu,TiSe,
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Only superconductor NaXC002

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

1T+2H structural block



Parent compound 1T-TiSe2

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

e Broken symmetry at
200 K with a 2x2x2 |
superlattice = 2o
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FIG. 1. Energy-band structure of TiSe, in the local exchange -and correlation model.
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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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|ssue

« ARPES experiments did not resolve
conclusively whether the compound Is a

semimetal or semiconductor with a small
iIndirect gap.

e 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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It contains a Drude term and two Lorentz terms, which
approximately capture the contributions by free carri-
ers and interband transitions. As shown in the inset of



Semimetal to semimetal transition for CDW

» 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

[<] exciton
J I band
|
|
1
——————————— |
L\ |
| AP H
| ]
! i
i L |
T |
L Ek‘; IkE k
(a)
‘_1‘ gl & 1
i, k) Eplk)

1
H £ (k)
1 £t (k)
(ke ) E i lk)
miorikl /\-/\Ea"-”
L3

k k
— L >
(b)
E
£y’
ed
/T\ -f L second execilon

1 Eg |

i

i

1 w'

! _ .

kg by k

{e)

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),
(c) The second excitonic instability.
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FIG. 2. The metallic side. (a2) Energy bands of the
normal semimetal. (b) Energy bands after the first
Overhauser transition for two different directions of &.

T

(b)
FIG. 3. The excitonic phases. (a) Succession of phas-
es, at T =0°, for different values of a; m, metallic;
i, insulating. The dotted interval contains an infinity
of m and i 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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PHYSICAL REVIEW LETTERS week ending

PRL 98, 117007 (2007) 16 MARCH 2007

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

D. Qian,1 D. Hsieh,' L. Wray,1 E. Morosan,” N. L. Wang,3 Y. Xia,' R.J. Cava,2 and M.Z. Hasan'**
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It contains a Drude term and two Lorentz terms, which
approximately capture the contributions by free carri-
ers and interband transitions. As shown in the inset of
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Plasma frequency increases
with decreasing T??

In terms of two bands:

2
7 = 2me of = A7’ (—2+ )
R m o m,

* n increases with decreasing T??

 m* decreases with decreasing T, undressing effect??
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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

Cond-mat/0703645, PRB (07)
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T-dependent electron-phonon interacton

PHYSICAL REVIEW B VOLUME 1, NUMBER 4 15 FEBERUARY 1970

Temperature Dependence of the Cyclotron Effective Mass in Zinc*

JessE J. Sapo, Jr.f
Department of Plrysics, University of California, Berkeley, California 94720

with a quadratic Fermi surface. As a typical example,
for weer of 40 at 4.2°K and 10 at 11°K, the increase in
the measured mass would be

m*(11°K) —m*(4.2°K) =0.0013m*,

where m¢* is the effective mass for an infinite relaxation
time. These very small corrections were applied to the

PHYSICAL REVIEW B VOLUME 1, NUMBER 4 15 FEBRUARY 1970

Calculation of the Temperature Dependence of the
Electron-Phonon Mass Enhancement®

Priir B. ALLEN aNp MarviN L. CoHEN
Department of Plysics, University of California, Berkeley, California 94720
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PHYSICAL REVIEW LETTERS

23 ApriL 2001

X-Ray Studies of Phonon Softening in TiSe;

M. Holt,!? P. Zschack.? Hawoong Hong,> M. Y. Chou.? and T.-C. Chiang!-*
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Possible shift of chemical potential with T

U=Ho[1-a(T/TE)?],

E~80-100 meV at 300 K \ /
K

L
heavy mass at L point due to very
strong electron-phonon scattering,

(linked with lattice instability in smaller mass at Fermi
parent compound). crossing point due to reduced

scattering (away from L point).

2 (g,) changes along dispersive band!

G. Li et al., PRL (07b)



Summary for CuxTiSe2

Semimetal to semimetal CDW transition in 1T-
TiSeZ2.

Kohn-Overhauser mechanism for CDW phase
transition of TiSe2.

Cu-intercalation shifts up the chemical potential
Plasma frequency increases with decreasing T
T-iInduced effective mass change.

Thank you!!




Nd2-xCexCuO4 NL Wang et al. PRB 06

1.0

---- Ut(w)=2A
v — Ut(w)=A

~—
o
N
—
L2 o5 — 1/1(w)=20A
—
3
N
—
o

BCS s-wave gap

| ?/ x=0.06 t =
m: /

0 2000 4000 O 2000 4000 O 2000 4000 O _ 2000 4000 6000
-1 1 -1 -1
w(cm™) w(cm™) w(cm”) w(cm”)




VOLUME 79, NUMBER 25

PHYSICAL REVIEW LETTERS

22 DECEMBER 1997

Low-Temperature Anomalies and Ferromagnetism of EuBg
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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))



