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Piet Mondrian, 1915. Says he is searching for
hidden order in nature...

Ocean 5, Guggenheim collection, Venice
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Local measure of broken symmetry®

dI/dV(w)-map
McElroy et al, Nature 422, 592 (2003)
OD Tc=86K

Figure S7 a-f. A series of images displaying the real space conductance ratio Z as a function
of energy rescaled to the local psuedogap value, e = E/A4(r). Each pixel location was rescaled
independently of the others. The common color scale illustrates that the bond centered
pattern appears strongest in Z exactly at E = A4(r).

R-map Z-map(w)
Kohsaka et al, Science 315, 1380 (2007) Kohsaka et al, tl\;%tlTH’_efS??, 107& (R0O08)
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Challenge: An objective measure






Can we separately measure?

Need a T,,7T} preserving order parameter
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Undistorts a,ndﬁx'es;hase of Bragg peaks
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Nematic ordering in UD 45

Extracted from published data, T=4K

Kohsaka et al, Nature 454, 1072 (2008)



Nematic ordering in UD 45
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Dy-Bigelz UD4SK Linecut : FT-Z(r,e=1)
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Smectic ordering in UD 45
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Severely ﬂuctua,tmg 111 space through out

Conﬁrm A.Ma.estro et al, J. Robertson et al (006)
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Hypothesis: longer ranged orientational ordering

Example:

VOLUME 66, NUMBER 24 PHYSICAL REVIEW LETTERS 17 JUNE 1991

Weak Pinning and Hexatic Order in a Doped Two-Dimensional Charge-Density-Wave System

Hongjie Dai, Huifen Chen, and Charles M. Lieber

Departments of Chemistry and Applied Physics, Columbia University, New York, New York 10027
(Received 11 July 1990; revised manuscript received 25 February 1991)

Scanning-tunneling microscopy has been used to characterize the effects of Nb impurities on the in-
OMmmer ate charge-density-wave DW) phase in -T2 Real- and reciprocal-space data indicate

hat disorder in the CDW is due to dislocations and small random rotations of the CDW/| The disloca-
tions destroy translational order; however, calculations|show that the orientational order is long range.
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Weak Pinning and Hexatic Order in a Doped Two-Dimensional Charge-Density-Wave System

Hongjie Dai, Huifen Chen, and Charles M. Lieber

Departments of Chemistry and Applied Physics, Columbia University, New York, New York 10027
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Scanning-tunneling microscopy has been used to characterize the effects of Nb impurities on the in-
OMmmer ate charge-density-wave DW) phase in -T2 Real- and reciprocal-space data indicate
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in the Nb-doped samples. These small rotations are
readily observed by viewing the images at a glancing an-
gle along the indicated lines. Analyses of atomic-
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Other competing orders®?

e Congruent with

o Y

Charge nematic

Intra unitcell Nematic
in Pseudogap phase

M.dJ. Lawler et al,
2009
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valence bond solid,
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Other systems®

Ruthenates
O o o
O o O
Intra unitcell Nematic YBCO

in Pseudogap phase

M.dJ. Lawler et al, 2009

(R.Daou et al)



Other systems®
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Theory

e Nematic d-wave QPC,
license to exist

Kim et al, (2008)



Theory Experiment

symimetry
¢ Importance of
e Nematic d-wave QPC, Oxygens
license to exist

Kohsaka et al, Science 315, 1380 (2007)
; UD Te=45K (p=0.08
Kim et al, (2008) )



Experiment

symimetry
¢ Importance of
e Nematic d-wave QPC, Oxygens
license to exist

Kohsaka et al, Science 315, 1380 (2007)
; UD Te=45K (p=0.08
Kim et al, (2008) )

Domain average = Arc



