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Abstract

We introduce a generic method to analyze optical 17reflectance spectra of strongly correlated electron systems including
high-temperature superconductors by using an extended Drude model and Allen’s approach. We explain the process step by step
from reflectance through the optical conductivity and the scattering rate to the bosonic spectral function. Through the process we
are able to get important information on the interactions between charge carriers from measured optical conductivity of the strongly
correlated electron systems including copper oxide and iron pnitide high temperature superconductors.
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1. INTRODUCTION
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Fig. 1. Graphic description of the bosonic spectral
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Fig. 2. Reflectance, the real part of the optical

conductivity, the optical self-energy, and the bosonic
spectral function of an optimally doped Bi-2212,
respectively. Here I’y(®) is the same quantity as
a’F(w).
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6. DISCUSSION AND CONCLUSIONS

ool Al NS WS T2xAEAE 25 AAE
Atolo] st e d ol Sle B F HAEAAS e 549
Ao &Fgo] 7hesitt o]y e FgE =T pde
A A (single component) = ©] &3t A WHolt}
R gl FHM REZ o] 43 F ARS o
A E A EF Bkl [18]. G E B e =

A ol BlEl grlo] o, Attt aexd
qgate] we Tuwe AnE LoV
A Eg st o] &5+ of & #3387]% (Angle Resolved
Photoemission, Inelastic ~ Neutron  Scattering,
Tunneling, Raman, etc) 2] 27572 H|mw7} §-o] s}
TEEAEA Y wAYUSS Bole A7l S8 dANE
Alsst Tk[19].

2

bt
kR 2 ox oo
Mo

ot

ACKNOWLEDGMENT

The author acknowledges financial support from
the National Research Foundation of Korea (NRFK
Grant No. 20100008552).



18

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(11]

An analysis method of reflectance spectra of strongly correlated electron systems

REFERENCES

Frederick Wooten, Optical Properties of Solids, New York:
Academic, 1972.

http://www.phys.ufl.edu/~tanner/datan.html

J Hwang, T Timusk and G D Gu, “Doping dependent optical
properties of Bi,Sr,CaCuy0s+5°, J. Phys.: Condens. Matter vol. 19,
pp. 125208/1 -32, Mar. 2007.

R. Kubo, “Statistical-Mechanical Theory of Irreversible Processes. L.

General Theory and Simple Applications to Magnetic and
Conduction Problems”, J. Phys. Soc. Japan, vol. 12, pp. 570-586,
Mar. 1957.

J. Hwang, T. Timusk, and G. D. Gu, “High-transition-temperature
superconductivity in the absence of the magnetic-resonance mode”,
Nature, vol. 427, pp. 714-717, Feb. 2004.

J. Hwang, E. J. Nicol, T. Timusk, A. Knigavko, and J. P. Carbotte,
“High Energy Scales in the Optical Self-Energy of the Cuprate
Superconductors”, Phys. Rev. Lett., vol. 98, pp. 207002/1-4, May
2007.

P. B. Allen, “Electron-Phonon Effects in the Infrared Properties of
Metals”, Phys. Rev. B, vol. 3, pp. 30-41, Jan. 1971.

S. V. Shulga, O. V. Dolgov, and E. G. Maksimov,” Electronic states
and optical spectra of HTSC with electron-phonon coupling”,
Physica C vol. 178, pp. 266-274 , 1991.

S. G. Sharapov and J. P. Carbotte, “Effects of energy dependence in
the quasiparticle density of states on far-infrared absorption in the
pseudogap state”, Phys. Rev. B vol. 72, pp. 134506/1-6, Oct. 2005.
R.S. Markiewicz, Tanmoy Das, A. Bansil, ” Self Energy and
Fluctuation Spectra in Cuprates: Comparing Optical and
Photoemission Results” Phys. Rev. B vol. 86, pp. 024511/1-10, July
2012.

J. Hwang, J. Yang, T. Timusk, S. G. Sharapov, J. P. Carbotte, D. A.
Bonn, Ruixing Liang, and W. N. Hardy, “g-axis optical
conductivity of detwinned ortho-II YBa;Cu3Og50”, Phys. Rev. B,
vol. 73, pp. 014508/1-12, Jan. 2006.

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

E. Schachinger, D. Neuber, and J. P. Carbotte, “Inversion
techniques for optical conductivity data”, Phys. Rev. B, vol. 73, pp.
184507/1-19. May 2006.
S.V. Dordevic, C. C. Homes, J. J. Tu, T. Valla, M. Strongin, P. D.
Johnson, G. D. Gu and D.N. Basov, “Extracting the electron-boson
spectral function a,F(®w) from infrared and photoemission data
using inverse theory”, Phys. Rev. B vol. 71, 104529/1-12, Mar.
2005.
J. Hwang, T. Timusk, E. Schachinger, and J. P. Carbotte,
“Evolution of the bosonic spectral density of the high-temperature
superconductor BiSr,CaCuyOg+q” Phys. Rev. B, vol. 75, pp.
144508/1-6, Apr. 2007.
A.J. Millis, H. Monien, and D. Pines, “Phenomenological model of
nuclear relaxation in the normal state of YBa,Cu3O7”, Phys. Rev. B,
vol. 42, pp. 167-178, July 1990.
J. Hwang, E. Schachinger, J. P. Carbotte, F. Gao, D. B. Tanner, and
T. Timusk, “Bosonic Spectral Density of Epitaxial Thin-Film
Lay g3S10.17CuO4 Superconductors from Infrared Conductivity
Measurements”, Phys. Rev. Lett. vol. 100, pp. 137005/104, Apr.
2008.
J. Hwang, “Electron-boson spectral density function of underdoped
Bi,Sr,CaCuy0s:5 and YBayCusOg 507, Phys. Rev. B, vol. 83, pp.
014507/1-7, Jan. 2011.
M.A. Quijada, D.B. Tanner, R.J. Kelley, M. Onellion, and H.
Berger, “Anisotropy in the ab-plane optical properties of
Bi2Sr2CaCu208 single-domain crystals”, Phys. Rev. B vol. 60, pp.
14917-14934, Dec. 1999.
J. P. Carbotte, T. Timusk and J. Hwang, “Bosons in
high-temperature superconductors: an experimental survey”, Rep.
Prog. Phys., vol. 74, pp. 066501/1-43, May 2011.


http://www.phys.ufl.edu/~tanner/datan.html�
http://arxiv.org/find/cond-mat/1/au:+Markiewicz_R/0/1/0/all/0/1�
http://arxiv.org/find/cond-mat/1/au:+Das_T/0/1/0/all/0/1�
http://arxiv.org/find/cond-mat/1/au:+Bansil_A/0/1/0/all/0/1�



