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Shedding Infrared Light on Superconductivity

Elemental superconductors

High-T, cuprates

Energy gap
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Shedding Infrared Light on Superconductivity
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IR spectroscopy of high-Tc superconductors
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Charge dynamics in weakly doped CuQ, planes
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Charge dynamics in weakly doped CuQ, planes
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Pseudogap and superconducting gap: YBa,Cu,;0,
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Pseudogap and supe

G(m),

Oleml

4000

y=6.50  g(w),

3000

2000

1000

Superconducting
gap!

L

y:655 Y.S.Lee et al. PRB 72,54529 (05) Bi-2212 (ref. 4
EIICuO2 K.Tanaka, et al. Science 314 1910 (06). BI-2212 (ref. 3)

o

M. LTacon et al. Nature Physics 2 537 (06) | y-123 jref. 4)

i
[m=]
]

Raman
Ho-12071 (This work)

b}

¥-123 (ref. 5)

# b 4 4 =
g ¢ o d 4 0o

LSCO (ref. 4) -
Bi-2212 A from other technigues
Tunnelling {refs 32,23,24) v
ARPES (refs 23,24,28) -

Antinodal B,

Nodal B, T
; Y b
) AT T = 4% (1-826 (0.16—p)?) .
I"I' 1 | 1 1 1 | 1 | s 1
% 0.05 0.10 0.15 0.20 0.25
Doping o
Pseudo gap exotic
300 power laws
CDW/SDW
200

“Precursor” of
superconductivity 10

0

6.2 6.4 6.6 6.8  oxygen



Pseudogap and supercor Raman 5,5,
Ho-12071 (This work) u o
Y.S.Lee et al. PRB 72,54529 (05) Bi-2212 (ref. 4) r |=
K.Tanaka, et al. Science 314 1910 (06). Bi-2212 (ref. 3) b
_ ¥-123 fref. 5) . |o
M. LTacon et al. Nature Physics 2 537 (06) | y-123 jref. 4) + o
| LSCO (ref. 4) N
REVIEWS OF MODERN PHYSICS, VOLUME 78, JANUARY 2006 jodal By, Bi-2212 A___from other techniques
. . . . . Tunnelling {refs 32,23,24) v
Doping a Mott insulator: Physics of high-temperature superconductivity ARPES (refs 23,24,28) d

Patrick A. Lee

Department of Physics, Massachusetts Institute of Technology, Cambridge,
Massachusetts 02139, USA

Naoto Nagaosa

CREST, Department of Applied Physics, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-8656, Japan and Correlated Electron Research Center, AlST,
Tsukuba Central 4, Tsukuba 305-8562, Japan

Xiao-Gang Wen

Department of Physics, Massachusetts Institute of Technolagy, Cambridge,
Massachusetts 02139, USA

(Published 6 January 2006)

Eﬁ?%

4 4'-",3_..-',!"3“1&-! =4x(1-82.6(0.16—p)
£

Pseudogap phenomenology 0!
“thermal” “new state of
matter” 300
200
A.Paramekanti, M.Randeria and 100

N. Trivedi PRL87, 217002 (2001)

Kristjan Haule and Gabriel Kotliar
PRB 2007.

0.0 0185 0.20

exotic
power laws

6.4 6.6 6.8

oxygen



Sum rules and high energy effects at the onset of

COMMENTARY

superconductivity

What DO we know about

high 7.2

ANTHONY J. LEGGETT
Nature-Physics 2, 134 (2006)

background not explicitly described by the low-
energy phenomenology is vastly more important
quantitatively than in a typical ‘textbook’ metal (as
determined from angle-resolved photoemission
spectroscopy (ARPES), optical spectroscopy and
transmission electron energy loss spectroscopy
(EELS), to name a few). On the other hand, the
superconducting state seems to behave in many ways
suspiciously like a classic ‘superfluid Fermi liquid’
such as helium-3.

The way in which I have framed, above, the
theoretical problem posed by high-temperature

A COMPLETE THEORY OF HIGH-TEMPERATURE
SUPERCONDUCTIVITY WOULD STILL HAVE

TO GIVE AN ACCOUNT OF THE HIGH-ENERGY
EFFECTS OF ITS ONSET.

superconductivity is, I believe, accepted at least
implicitly by most though not all theoretical papers
in the field over the last twenty years; in particular,
inputs 2, 3 and 4, as well as a number of other more
specific assumptions, are automatically implicit in
any calculation that starts from a two-dimensional
Hubbard (kinetic energy plus on-site repulsive

potential) or -] model (strong correlation limit of
TTaahhawd waa A A1



Sum rules and high energy effects at the onset of
superconductivity
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Sum rules and high energy effects at the onset of
superconductivity
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more...

1. Bothin-plane and c-axis
2. La214, YBCO, Tl2201, Bi2212, etc
3. Doping trends:

i’ h|igh-en|ergy” :
6.4 6.6 6.8 oxygen

con|ventio|na|

——— High-Tc cuprates

_O_lsc]+ AK

Energy




Inter-plane magneto-optics of YBa,Cu,;0,

IR magneto-optics
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Strong Coupling Effects in Cuprates
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Strong coupling effects in high T, cuprates

Problems for phonon
interpretation:
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Strong coupling effects in high T, cuprates: lattice or magnetic?

Problems for phonon
interpretation:
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