
Visualizing strongly-correlated electrons with a novel scanning
tunneling microscope
Battisti, I.

Citation
Battisti, I. (2019, May 8). Visualizing strongly-correlated electrons with a novel scanning
tunneling microscope. Casimir PhD Series. Retrieved from https://hdl.handle.net/1887/72410
 
Version: Not Applicable (or Unknown)
License: Leiden University Non-exclusive license
Downloaded from: https://hdl.handle.net/1887/72410
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/72410


 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/72410 holds various files of this Leiden University 
dissertation. 
 
Author: Battisti, I. 
Title: Visualizing strongly-correlated electrons with a novel scanning tunneling 
microscope 
Issue Date: 2019-05-08 
 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/72410
https://openaccess.leidenuniv.nl/handle/1887/1�


Bibliography

[1] N. W. Ashcroft, N. Mermin. Solid State Physics. Holt, Rinehart and Winston,

New York (1976).

[2] J. Schrieffer. What is a quasi-particle? J. Res. Natl. Bur. Stand. Sect. A Phys.

Chem. 74A, 537 (1970).

[3] P. W. Anderson. More Is Different. Science 177, 393–396 (1972).

[4] K. Fujita, M. Hamidian, I. Firmo, S. Mukhopadhyay, C. K. Kim, H. Eisaki, S.-I.

Uchida, J. C. Davis. Spectroscopic Imaging STM: Atomic-Scale Visualization

of Electronic Structure and Symmetry in Underdoped Cuprates. In Theor.

Methods Strongly Correl. Syst., chap. 3, 73–109. Springer Berlin Heidelberg

(2015).

[5] N. F. Mott. Metal-Insulator Transitions. Taylor & Francis, London (1990).

[6] M. Imada, A. Fujimori, Y. Tokura. Metal-insulator transitions. Rev. Mod. Phys.

70, 1039–1263 (1998).

[7] D. I. Khomskii. Transition metal compounds. Cambridge University

Press(2014).

[8] G. Kotliar, D. Vollhardt. Strongly Correlated Materials: Insights From Dynam-

ical Mean-Field Theory. Phys. Today 57, 53–59 (2004).

[9] P. A. Lee, N. Nagaosa, X.-G. Wen. Doping a Mott insulator: Physics of high-

temperature superconductivity. Rev. Mod. Phys. 78, 17–85 (2006).

[10] J. Bednorz, K. Müller. Possible High-Tc Superconductivity in the BaLaCu0

System. Z.Phys.B-Condensed Matter 64, 189–193 (1986).

[11] B. Keimer, S. A. Kivelson, M. R. Norman, S. Uchida, J. Zaanen. From quantum

matter to high-temperature superconductivity in copper oxides. Nature 518,

179–186 (2015).

[12] N. P. Armitage, P. Fournier, R. L. Greene. Progress and perspectives on

electron-doped cuprates. Rev. Mod. Phys. 82, 2421–2487 (2010).

[13] E. Fradkin, S. A. Kivelson, J. M. Tranquada. Colloquium: Theory of intertwined

orders in high temperature superconductors. Rev. Mod. Phys. 87, 457–482

(2015).

103



BIBLIOGRAPHY

[14] N. E. Hussey, K. Takenaka, H. Takagi. Universality of the Mott–Ioffe–Regel

limit in metals. Philos. Mag. 84, 2847–2864 (2004).

[15] C. Howald, P. Fournier, A. Kapitulnik. Inherent inhomogeneities in tunneling

spectra of Bi2Sr2CaCu2O8−x crystals in the superconducting state. Phys. Rev.

B 64, 100504 (2001).

[16] K. M. Lang, V. Madhavan, J. E. Hoffman, E. W. Hudson, H. Eisaki, S. Uchida,

J. C. Davis. Imaging the granular structure of high-Tc superconductivity in

underdoped Bi2Sr2CaCu2O8+δ. Nature 415, 412–416 (2002).

[17] K. McElroy. Atomic-Scale Sources and Mechanism of Nanoscale Electronic

Disorder in Bi2Sr2CaCu2O8+δ. Science 309, 1048–1052 (2005).

[18] J. E. Hoffman. Imaging Quasiparticle Interference in Bi2Sr2CaCu2O8+δ. Science

297, 1148–1151 (2002).

[19] Y. Kohsaka, C. Taylor, K. Fujita, A. Schmidt, C. Lupien, T. Hanaguri,

M. Azuma, M. Takano, H. Eisaki, H. Takagi, S. Uchida, J. C. Davis. An

Intrinsic Bond-Centered Electronic Glass with Unidirectional Domains in Un-

derdoped Cuprates. Science 315, 1380–1385 (2007).

[20] M. J. Lawler, K. Fujita, J. Lee, A. R. Schmidt, Y. Kohsaka, C. K. Kim,

H. Eisaki, S. Uchida, J. C. Davis, J. P. Sethna, E.-A. Kim. Intra-unit-cell

electronic nematicity of the high-Tc copper-oxide pseudogap states. Nature

466, 347–351 (2010).

[21] D. Griffiths. Introduction to quantum mechanics. Cambridge University Press,

second ed. (2016).

[22] G. Binnig, H. Rohrer. Scanning Tunneling Microscopy - from Birth to Adoles-

cence (Nobel Lecture). Angew. Chemie Int. Ed. English 26, 606–614 (1987).

[23] R. M. Feenstra, J. Stroscio, A. Fein. Tunneling spectroscopy of the Si(111)2×1

surface. J. Vac. Sci. Technol. B 5, 295–306 (1987).

[24] M. Crommie, C. Lutz, D. Eigler. Imaging standing waves in a 2D electron gas.

Nature 363, 524–527 (1993).

[25] L. Petersen, P. T. Sprunger, P. Hofmann, E. Lægsgaard, B. G. Briner, M. Do-

ering, H.-P. Rust, A. M. Bradshaw, F. Besenbacher, E. W. Plummer. Direct

imaging of the two-dimensional Fermi contour: Fourier-transform STM. Phys.

Rev. B 57, R6858–R6861 (1998).

[26] S. H. Pan, E. W. Hudson, J. C. Davis. Vacuum tunneling of superconducting

quasiparticles from atomically sharp scanning tunneling microscope tips. Appl.

Phys. Lett. 73, 2992–2994 (1998).

[27] S. H. Pan, E. W. Hudson, K. M. Lang, H. Eisaki, S. Uchida, J. C. Davis.

Imaging the effects of individual zinc impurity atoms on superconductivity in

Bi2Sr2CaCu2O8. Nature 403, 746–750 (2000).

[28] E. W. Hudson, K. M. Lang, V. Madhavan, S. H. Pan, H. Eisaki, S. Uchida, J. C.

Davis. Interplay of magnetism and high-Tc superconductivity at individual Ni

impurity atoms in Bi2Sr2CaCu2O8+δ. Nature 411, 920–924 (2001).

104



BIBLIOGRAPHY

[29] C. J. Chen. Introduction to Scanning Tunneling Microscopy. Oxford University

Press, first ed. (2000).

[30] J. E. Hoffman. Spectroscopic scanning tunneling microscopy insights into Fe-

based superconductors. Reports Prog. Phys. 74, 124513 (2011).

[31] H. Bruus, K. Flensberg. Many-body quantum theory in condensed matter

physics. Oxford University Press, New York (2004).

[32] P. Coleman. Introduction to many-body physics. Cambridge University Press

(2015).

[33] P. Abbamonte, E. Demler, J. Séamus Davis, J.-C. Campuzano. Resonant soft

X-ray scattering, stripe order, and the electron spectral function in cuprates.

Phys. C Supercond. 481, 15–22 (2012).

[34] K. McElroy, R. W. Simmonds, J. E. Hoffman, D.-H. Lee, J. Orenstein, H. Eisaki,

S. Uchida, J. C. Davis. Relating atomic-scale electronic phenomena to wave-

like quasiparticle states in superconducting Bi2Sr2CaCu2O8+δ. Nature 422,

592–596 (2003).

[35] K. Fujita, C. K. Kim, I. Lee, J. Lee, M. H. Hamidian, I. A. Firmo, S. Mukhopad-

hyay, H. Eisaki, S. Uchida, M. J. Lawler, E.-A. Kim, J. C. Davis. Simultaneous

Transitions in Cuprate Momentum-Space Topology and Electronic Symmetry

Breaking. Science 344, 612–616 (2014).

[36] M. P. Allan, K. Lee, A. W. Rost, M. H. Fischer, F. Massee, K. Kihou, C.-H. Lee,

A. Iyo, H. Eisaki, T.-M. Chuang, J. C. Davis, E.-A. Kim. Identifying the ’finger-

print’ of antiferromagnetic spin fluctuations in iron pnictide superconductors.

Nat. Phys. 11, 177–182 (2015).

[37] B. B. Zhou, S. Misra, E. H. Da Silva Neto, P. Aynajian, R. E. Baumbach,

J. D. Thompson, E. D. Bauer, A. Yazdani. Visualizing nodal heavy fermion

superconductivity in CeCoIn5. Nat. Phys. 9, 474–479 (2013).

[38] M. P. Allan, F. Massee, D. K. Morr, J. Van Dyke, A. W. Rost, A. P. Mackenzie,

C. Petrovic, J. C. Davis. Imaging Cooper pairing of heavy fermions in CeCoIn5.

Nat. Phys. 9, 468–473 (2013).

[39] P. Roushan, J. Seo, C. V. Parker, Y. S. Hor, D. Hsieh, D. Qian, A. Richardella,

M. Z. Hasan, R. J. Cava, A. Yazdani. Topological surface states protected from

backscattering by chiral spin texture. Nature 460, 1106–1109 (2009).

[40] H. Inoue, A. Gyenis, Z. Wang, J. Li, S. W. Oh, S. Jiang, N. Ni, B. A. Bernevig,

A. Yazdani. Quasiparticle interference of the Fermi arcs and surface-bulk con-

nectivity of a Weyl semimetal. Science 351, 1184–1187 (2016).

[41] A. Gyenis, H. Inoue, S. Jeon, B. B. Zhou, B. E. Feldman, Z. Wang, J. Li,

S. Jiang, Q. D. Gibson, S. K. Kushwaha, J. W. Krizan, N. Ni, R. J. Cava, B. A.

Bernevig, A. Yazdani. Imaging electronic states on topological semimetals using

scanning tunneling microscopy. New J. Phys. 18, 105003 (2016).

[42] P. Sessi, V. M. Silkin, I. A. Nechaev, T. Bathon, L. El-Kareh, E. V. Chulkov,

P. M. Echenique, M. Bode. Direct observation of many-body charge density

105



BIBLIOGRAPHY

oscillations in a two-dimensional electron gas. Nat. Commun. 6, 8691 (2015).

[43] Z. Wang, D. Walkup, P. Derry, T. Scaffidi, M. Rak, S. Vig, A. Kogar,

I. Zeljkovic, A. Husain, L. H. Santos, Y. Wang, A. Damascelli, Y. Maeno,

P. Abbamonte, E. Fradkin, V. Madhavan. Quasiparticle interference and strong

electron–mode coupling in the quasi-one-dimensional bands of Sr2RuO4. Nat.

Phys. 13, 799–805 (2017).

[44] A. Damascelli, Z. Hussain, Z.-X. Shen. Angle-resolved photoemission studies of

the cuprate superconductors. Rev. Mod. Phys. 75, 473–541 (2003).

[45] R. S. Markiewicz. Bridging k and q space in the cuprates: Comparing angle-

resolved photoemission and STM results. Phys. Rev. B 69, 214517 (2004).

[46] U. Chatterjee, M. Shi, A. Kaminski, A. Kanigel, H. M. Fretwell, K. Terashima,

T. Takahashi, S. Rosenkranz, Z. Z. Li, H. Raffy, A. Santander-Syro, K. Kad-

owaki, M. R. Norman, M. Randeria, J. C. Campuzano. Nondispersive

Fermi Arcs and the Absence of Charge Ordering in the Pseudogap Phase of

Bi2Sr2CaCu2O8+δ. Phys. Rev. Lett. 96, 107006 (2006).

[47] K. McElroy, G.-H. Gweon, S. Y. Zhou, J. Graf, S. Uchida, H. Eisaki, H. Takagi,

T. Sasagawa, D.-H. Lee, A. Lanzara. Elastic Scattering Susceptibility of the

High Temperature Superconductor Bi2Sr2CaCu2O8+δ: A Comparison between

Real and Momentum Space Photoemission Spectroscopies. Phys. Rev. Lett. 96,

067005 (2006).

[48] R. M. Feenstra, J. Y. Lee, M. H. Kang, G. Meyer, K. H. Rieder. Band gap of

the Ge(111)c(2×8) surface by scanning tunneling spectroscopy. Phys. Rev. B

73, 035310 (2006).

[49] R. M. Feenstra, Y. Dong, M. P. Semtsiv, W. T. Masselink. Influence of tip-

induced band bending on tunneling spectra of semiconductor surfaces. Nan-

otechnology 18, 044015 (2007).

[50] M. Weimer, J. Kramar, J. Baldeschwieler. Band bending and the apparent

barrier height in scanning tunneling microscopy. Phys. Rev. B 39, 5572 (1989).

[51] R. Feenstra. SEMITIP v6 (2011).

[52] S. C. White, U. R. Singh, P. Wahl. A stiff scanning tunneling microscopy head

for measurement at low temperatures and in high magnetic fields. Rev. Sci.

Instrum. 82, 113708 (2011).

[53] S. H. Pan, E. W. Hudson, J. C. Davis. 3He refrigerator based very low temper-

ature scanning tunneling microscope. Rev. Sci. Instrum. 70, 1459–1463 (1999).

[54] F. Pobell. Matter and Methods at Low Temperatures. Springer Berlin Heidel-

berg, 3rd ed. (2007).

[55] R. J. Hussey, J. Wilson. Advanced Technical Ceramics Directory and Databook.

Springer (2012).

[56] A. L. Woodcraft, A. Gray. A low temperature thermal conductivity database.

In Low Temp. Detect. LTD 13, 681–684 (2009).

106



BIBLIOGRAPHY

[57] NIST. NIST online cryogenic database. Tech. rep., National Institute of Stan-

dards and Technology (2018).

[58] K. M. Bastiaans, T. Benschop, D. Chatzopoulos, D. Cho, Q. Dong, Y. Jin,

M. P. Allan. Amplifier for scanning tunneling microscopy at MHz frequencies.

Rev. Sci. Instrum. 89, 093709 (2018).

[59] K. M. Bastiaans, D. Cho, T. Benschop, I. Battisti, Y. Huang, M. S. Golden,

Q. Dong, Y. Jin, J. Zaanen, M. P. Allan. Charge trapping and super-Poissonian

noise centres in a cuprate superconductor. Nat. Phys. 14, 1183–1187 (2018).

[60] COMSOL AB. COMSOL Multiphysics 5.2 (2015).

[61] J. H. Kindt, G. E. Fantner, J. A. Cutroni, P. K. Hansma. Rigid design of fast

scanning probe microscopes using finite element analysis. Ultramicroscopy 100,

259–265 (2004).

[62] C. R. Ast, M. Assig, A. Ast, K. Kern. Design criteria for scanning tunneling

microscopes to reduce the response to external mechanical disturbances. Rev.

Sci. Instrum. 79, 093704 (2008).
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