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induced local magnetism and density of states in the supercon-
ducting state of YBa2Cu3O7. Phys. Rev. Lett., 96(12):127005, 2006.

249



Bibliography

[129] S. H. Pan, E. W. Hudson, K. M. Lang, H. Eisaki, S. Uchida,
and J. C. Davis. Imaging the effects of individual zinc impu-
rity atoms on superconductivity in Bi2Sr2CaCu2O8+δ. Nature,
403(6771):746–750, 2000.

[130] S. H. Pan, J. P. O’Neal, R. L. Badzey, C. Chamon, H. Ding, J. R.
Engelbrecht, Z. Wang, H. Eisaki, S. Uchida, A. K. Gupta, K.-
W. Ng, E. W. Hudson, K. M. Lang, and J. C. Davis. Micro-
scopic electronic inhomogeneity in the high-Tc superconductor
Bi2Sr2CaCu2O8+x. Nature, 413(6853):282–285, 2001.

[131] C. V. Parker, P. Aynajian, E. H. da Silva Neto, A. Pushp, S. Ono,
J. Wen, Z. Xu, G. Gu, and A. Yazdani. Fluctuating stripes
at the onset of the pseudogap in the high-Tc superconductor
Bi2Sr2CaCu2O8+δ. Nature, 468(7324):677, 2010.

[132] A. N. Pasupathy, A. Pushp, K. K. Gomes, C. V. Parker, J. Wen,
Z. Xu, G. Gu, S. Ono, Y. Ando, and A. Yazdani. Electronic origin
of the inhomogeneous pairing interaction in the high-Tc super-
conductor Bi2Sr2CaCu2O8+δ. Science, 320(5873):196–201, 2008.

[133] T. Pereg-Barnea and M. Franz. Theory of quasiparticle interfer-
ence patterns in the pseudogap phase of the cuprate supercon-
ductors. Phys. Rev. B, 68(18):180506, 2003.

[134] T. Pereg-Barnea and M. Franz. Quasiparticle interference pat-
terns as a test for the nature of the pseudogap phase in the
cuprate superconductors. International Journal of Modern Physics
B, 19(04):731–761, 2005.

[135] T. Pereg-Barnea and M. Franz. Magnetic-field dependence of
quasiparticle interference peaks in a d-wave superconductor
with weak disorder. Phys. Rev. B, 78(2):020509, 2008.

250



Bibliography

[136] D. E. Petersen, H. H. B. Sørensen, P. C. Hansen, S. Skelboe, and
K. Stokbro. Block tridiagonal matrix inversion and fast transmis-
sion calculations. Journal of Computational Physics, 227(6):3174–
3190, 2008.

[137] L. Petersen, P. T. Sprunger, P. Hofmann, E. Lægsgaard, B. G.
Briner, M. Doering, H.-P. Rust, A. M. Bradshaw, F. Besen-
bacher, and E. W. Plummer. Direct imaging of the two-
dimensional Fermi contour: Fourier-transform STM. Phys. Rev.
B, 57(12):R6858, 1998.

[138] T. J. Reber, S. Parham, N. C. Plumb, Y. Cao, H. Li, Z. Sun,
Q. Wang, H. Iwasawa, M. Arita, J. S. Wen, Z. J. Xu, G. D. Gu,
Y. Yoshida, H. Eisaki, G. B. Arnold, and D. S. Dessau. Pairing,
pair-breaking, and their roles in setting the Tc of cuprate high
temperature superconductors. arXiv preprint arXiv:1508.06252,
2015.

[139] T. J. Reber, S. Parham, N. C. Plumb, Y. Cao, H. Li, Z. Sun,
Q. Wang, H. Iwasawa, J. S. Wen, Z. J. Xu, G. Gu, S. Ono,
H. Berger, Y. Yoshida, H. Eisaki, Y. Aiura, G. B. Arnold, and D. S.
Dessau. Coordination of the energy and temperature scales of
pairing across the doping phase diagram of Bi2Sr2CaCu2O8+δ.
arXiv preprint arXiv:1509.01556, 2015.

[140] T. J. Reber, N. C. Plumb, Y. Cao, Z. Sun, Q. Wang, K. McElroy,
H. Iwasawa, M. Arita, J. S. Wen, Z. J. Xu, G. Gu, Y. Yoshida,
H. Eisaki, Y. Aiura, and D. S. Dessau. Prepairing and the filling
gap in the cuprates from the tomographic density of states. Phys.
Rev. B, 87(6):060506, 2013.

[141] T. J. Reber, N. C. Plumb, Z. Sun, Y. Cao, Q. Wang, K. McElroy,
H. Iwasawa, M. Arita, J. S. Wen, Z. J. Xu, G. Gu, Y. Yoshida,

251



Bibliography

H. Eisaki, Y. Aiura, and D. S. Dessau. The origin and non-
quasiparticle nature of Fermi arcs in Bi2Sr2CaCu2O8+δ. Nature
Physics, 8(8):606, 2012.

[142] T. J. Reber, X. Zhou, N. C. Plumb, S. Parham, J. A. Waugh,
Y. Cao, Z. Sun, H. Li, Q. Wang, J. S. Wen, Z. J. Xu, G. Gu,
Y. Yoshida, H. Eisaki, G. B. Arnold, and D. S. Dessau. Power Law
Liquid-A Unified Form of Low-Energy Nodal Electronic Interac-
tions in Hole Doped Cuprate Superconductors. arXiv preprint
arXiv:1509.01611, 2015.

[143] M. G. Reuter and J. C. Hill. An efficient, block-by-block algo-
rithm for inverting a block tridiagonal, nearly block Toeplitz ma-
trix. Computational Science & Discovery, 5(1):014009, 2012.

[144] S. C. Riggs, O. Vafek, J. B. Kemper, J. B. Betts, A. Migliori, F. F.
Balakirev, W. N. Hardy, R. Liang, D. A. Bonn, and G. S. Boe-
binger. Heat capacity through the magnetic-field-induced resis-
tive transition in an underdoped high-temperature superconduc-
tor. Nature Physics, 7(4):332–335, 2011.

[145] P. Roushan, J. Seo, C. V. Parker, Y. S. Hor, D. Hsieh, D. Qian,
A. Richardella, M. Z. Hasan, R. J. Cava, and A. Yazdani. Topolog-
ical surface states protected from backscattering by chiral spin
texture. Nature, 460(7259):1106–1109, 2009.

[146] S. Sachdev. Quantum Phase Transitions. Wiley Online Library,
2007.

[147] S. Sakai, M. Civelli, and M. Imada. Hidden-fermion representa-
tion of self-energy in pseudogap and superconducting states of
the two-dimensional Hubbard model. Phys. Rev. B, 94(11):115130,
2016.

252



Bibliography

[148] D. J. Scalapino, S. R. White, and S. Zhang. Insulator, metal, or
superconductor: The criteria. Phys. Rev. B, 47(13):7995, 1993.

[149] D. J. Scalapino, S. R. White, and S. C. Zhang. Superfluid density
and the Drude weight of the Hubbard model. Phys. Rev. Lett.,
68(18):2830, 1992.

[150] A. R. Schmidt, K. Fujita, E.-A. Kim, M. J. Lawler, H. Eisaki,
S. Uchida, D.-H. Lee, and J. C. Davis. Electronic structure of the
cuprate superconducting and pseudogap phases from spectro-
scopic imaging STM. New Journal of Physics, 13(6):065014, 2011.

[151] A. R. Schmidt, M. H. Hamidian, P. Wahl, F. Meier, A. V. Balatsky,
J. D. Garrett, T. J. Williams, G. M. Luke, and J. C. Davis. Imaging
the Fano lattice to hidden ordertransition in URu2Si2. Nature,
465(7298):570–576, 2010.

[152] G. Schubert, J. Schleede, K. Byczuk, H. Fehske, and D. Vollhardt.
Distribution of the local density of states as a criterion for Ander-
son localization: Numerically exact results for various lattices in
two and three dimensions. Phys. Rev. B, 81(15):155106, 2010.

[153] S. E. Sebastian, N. Harrison, F. F. Balakirev, M. M. Altarawneh,
P. A. Goddard, R. Liang, D. A. Bonn, W. N. Hardy, and G. G. Lon-
zarich. Normal-state nodal electronic structure in underdoped
high-Tc copper oxides. Nature, 511(7507):61, 2014.

[154] S. E. Sebastian, N. Harrison, and G. G. Lonzarich. Towards reso-
lution of the Fermi surface in underdoped high-Tc superconduc-
tors. Reports on Progress in Physics, 75(10):102501, 2012.

[155] T. Senthil and M. P. A. Fisher. Quasiparticle density of states in
dirty high-Tc superconductors. Phys. Rev. B, 60(9):6893, 1999.

253



Bibliography

[156] T. Senthil, M. P. A. Fisher, L. Balents, and C. Nayak. Quasiparti-
cle transport and localization in high-Tc superconductors. Phys.
Rev. Lett., 81(21):4704, 1998.

[157] Z.-X. Shen, D. S. Dessau, B. O. Wells, D. M. King, W. E. Spicer,
A. J. Arko, D. Marshall, L. W. Lombardo, A. Kapitulnik, P. Dick-
inson, S. Doniach, J. DiCarlo, T. Loeser, and C. H. Park. Anoma-
lously large gap anisotropy in the a-b plane of Bi2Sr2CaCu2O8+δ.
Phys. Rev. Lett., 70(10):1553, 1993.

[158] S. L. Sondhi, S. M. Girvin, J. P. Carini, and D. Shahar. Continuous
quantum phase transitions. Rev. Mod. Phys., 69(1):315, 1997.

[159] P. T. Sprunger, L. Petersen, E. W. Plummer, E. Lægsgaard, and
F. Besenbacher. Giant Friedel oscillations on the beryllium (0001)
surface. Science, 275(5307):1764–1767, 1997.

[160] S. Sugai. Phonon Raman scattering in (La1−xSrx)2CuO4 single
crystals. Phys. Rev. B, 39(7):4306, 1989.

[161] M. A. Sulangi, M. P. Allan, and J. Zaanen. Revisiting quasiparti-
cle scattering interference in high-temperature superconductors:
The problem of narrow peaks. Phys. Rev. B, 96(13):134507, 2017.

[162] M. A. Sulangi and J. Zaanen. Quasiparticle density of states,
localization, and distributed disorder in the cuprate supercon-
ductors. Phys. Rev. B, 97(14):144512, 2018.

[163] K. Tanaka, W. S. Lee, D. H. Lu, A. Fujimori, T. Fujii, I. Terasaki,
D. J. Scalapino, T. P. Devereaux, Z. Hussain, and Z.-X. Shen. Dis-
tinct Fermi-momentum-dependent energy gaps in deeply under-
doped Bi2212. Science, 314(5807):1910–1913, 2006.

254



Bibliography

[164] T. Timusk and B. Statt. The pseudogap in high-temperature su-
perconductors: an experimental survey. Reports on Progress in
Physics, 62(1):61, 1999.

[165] S. Tomonaga. Remarks on Bloch’s Method of Sound Waves ap-
plied to Many-Fermion Problems. Progress of Theoretical Physics,
5:544–569, 1950.

[166] Y. J. Uemura, G. M. Luke, B. J. Sternlieb, J. H. Brewer, J. F. Car-
olan, W. N. Hardy, R. Kadono, J. R. Kempton, R. F. Kiefl, S. R.
Kreitzman, P. Mulhern, T. M. Riseman, D. L. Williams, B. X. Yang,
S. Uchida, H. Takagi, J. Gopalakrishnan, A. W. Sleight, M. A. Sub-
ramanian, C. L. Chien, M. Z. Cieplak, G. Xiao, V. Y. Lee, B. W.
Statt, C. E. Stronach, W. J. Kossler, and X. H. Yu. Universal Corre-
lations between Tc and ns

m∗ (Carrier Density over Effective Mass)
in High-Tc Cuprate Superconductors. Phys. Rev. Lett., 62(19):2317,
1989.

[167] J. S. Urbach, D. B. Mitzi, A. Kapitulnik, J. Y. T. Wei, and
D. E. Morris. Low-temperature specific heat of single-crystal
Bi2CaSr2Cu2O8 and Tl2Ca2Ba2Cu3O10. Phys. Rev. B, 39(16):12391,
1989.

[168] T. Valla, A. V. Fedorov, P. D. Johnson, Q. Li, G. D. Gu, and
N. Koshizuka. Temperature dependent scattering rates at the
Fermi surface of optimally doped Bi2Sr2CaCu2O8+δ. Phys. Rev.
Lett., 85(4):828, 2000.

[169] T. Valla, A. V. Fedorov, P. D. Johnson, B. O. Wells, S. L. Hulbert,
Q. Li, G. D. Gu, and N. Koshizuka. Evidence for quantum crit-
ical behavior in the optimally doped cuprate Bi2Sr2CaCu2O8+δ.
Science, 285(5436):2110–2113, 1999.

255



Bibliography

[170] T. Valla, T. E. Kidd, J. D. Rameau, H.-J. Noh, G. D. Gu, P. D. John-
son, H.-B. Yang, and H. Ding. Fine details of the nodal electronic
excitations in Bi2Sr2CaCu2O8+δ. Phys. Rev. B, 73(18):184518, 2006.

[171] J. S. Van Dyke, F. Massee, M. P. Allan, J. C. S. Davis, C. Petro-
vic, and D. K. Morr. Direct evidence for a magnetic f-electron–
mediated pairing mechanism of heavy-fermion superconductiv-
ity in CeCoIn5. Proceedings of the National Academy of Sciences,
111(32):11663–11667, 2014.

[172] C. M. Varma and E. Abrahams. Effective Lorentz force due to
small-angle impurity scattering: magnetotransport in high-Tc su-
perconductors. Phys. Rev. Lett., 86(20):4652, 2001.

[173] C. M. Varma, P. B. Littlewood, S. Schmitt-Rink, E. Abrahams,
and A. E. Ruckenstein. Phenomenology of the normal state
of Cu-O high-temperature superconductors. Phys. Rev. Lett.,
63(18):1996, 1989.

[174] M. Vershinin, S. Misra, S. Ono, Y. Abe, Y. Ando, and A. Yazdani.
Local ordering in the pseudogap state of the high-Tc supercon-
ductor Bi2Sr2CaCu2O8+δ. Science, 303(5666):1995–1998, 2004.

[175] I. Vishik. Photoemission perspective on pseudogap, supercon-
ducting fluctuations, and charge order: a review of recent
progress. Reports on Progress in Physics, 2018.

[176] I. Vishik, E. Nowadnick, W. Lee, Z. Shen, B. Moritz, T. Devereaux,
K. Tanaka, T. Sasagawa, and T. Fujii. A momentum-dependent
perspective on quasiparticle interference in Bi2Sr2CaCu2O8+δ.
Nature Physics, 5(10):718, 2009.

[177] I. M. Vishik, M. Hashimoto, R.-H. He, W.-S. Lee, F. Schmitt,
D. Lu, R. G. Moore, C. Zhang, W. Meevasana, T. Sasagawa,

256



Bibliography

S. Uchida, K. Fujita, S. Ishida, M. Ishikado, Y. Yoshida, H. Eisaki,
Z. Hussain, T. P. Devereaux, and Z.-X. Shen. Phase competition
in trisected superconducting dome. Proceedings of the National
Academy of Sciences, 109(45):18332–18337, 2012.

[178] I. M. Vishik, W. S. Lee, F. Schmitt, B. Moritz, T. Sasagawa,
S. Uchida, K. Fujita, S. Ishida, C. Zhang, T. P. Devereaux, and
Z.-X. Shen. Doping-dependent nodal Fermi velocity of the
high-temperature superconductor Bi2Sr2CaCu2O8+δ revealed us-
ing high-resolution angle-resolved photoemission spectroscopy.
Phys. Rev. Lett., 104(20):207002, 2010.

[179] A. Vishwanath and D. Carpentier. Two-dimensional anisotropic
non-Fermi-liquid phase of coupled Luttinger liquids. Phys. Rev.
Lett., 86(4):676, 2001.

[180] R. E. Walstedt and W. W. Warren. Nuclear resonance properties
of YBa2Cu3O6+x superconductors. Science, 248(4959):1082–1087,
1990.

[181] L. Wang and O. Vafek. Quantum oscillations of the specific heat
in d-wave superconductors with loop current order. Phys. Rev. B,
88(2):024506, 2013.

[182] Q.-H. Wang and D.-H. Lee. Quasiparticle scattering interference
in high-temperature superconductors. Phys. Rev. B, 67(2):020511,
2003.

[183] W. W. Warren Jr, R. Walstedt, G. Brennert, R. Cava, R. Tycko,
R. Bell, and G. Dabbagh. Cu spin dynamics and superconduct-
ing precursor effects in planes above Tc in YBa2Cu3O6.7. Phys.
Rev. Lett., 62(10):1193, 1989.

257



Bibliography

[184] M. Wimmer and K. Richter. Optimal block-tridiagonalization of
matrices for coherent charge transport. Journal of Computational
Physics, 228(23):8548–8565, 2009.

[185] E. Witten. Anti-de Sitter space and holography. Advances in
Theoretical and Mathematical Physics, 2:253–291, 1998.

[186] T. Xiang. Effect of superconducting correlation on the localiza-
tion of quasiparticles in low dimensions. Phys. Rev. B, 52(9):6204,
1995.

[187] A. G. Yashenkin, W. A. Atkinson, I. V. Gornyi, P. J. Hirschfeld,
and D. V. Khveshchenko. Nesting symmetries and diffusion in
disordered d-wave superconductors. Phys. Rev. Lett., 86(26):5982,
2001.

[188] J. Zaanen. High-temperature superconductivity: Quantum salad
dressing. Nature, 415(6870):379, 2002.

[189] J. Zaanen. Superconductivity: Pebbles in the nodal pond. Nature,
422(6932):569–570, 2003.

[190] J. Zaanen. Superconductivity: Why the temperature is high. Na-
ture, 430(6999):512, 2004.

[191] J. Zaanen, Y. Liu, Y.-W. Sun, and K. Schalm. Holographic Duality
in Condensed Matter Physics. Cambridge University Press, 2015.

[192] R. Zhou, M. Hirata, T. Wu, I. Vinograd, H. Mayaffre, S. Krämer,
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