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Sufficiently correlated systems
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Nematic QCP, license to exist?
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*Nodal nematic QCP

deep inside d-wave SC

® NematiC d'SC: Quantum
: ‘o= Critical -
d-SC + small s-component =

Aq (cosky-cosky) +

nematic QCP inside SC phase!?



Looking for nematic eritical fluctuations

*Self energy 3(7,») due to fluctuation
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Anisotropic phase in superconducting (T.=35K)
underdoped YBa:CuzOe.s
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Incommensurability as Order parameter?
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Spin-charge interplay in electronic liquid crystals: fluctuating spin stripe driven by
charge nematic
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Local measure of broken symmetry?

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

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\;gtgr_ié??, 1072 (2008)
o

UD Te=45K (p=0.08)
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HAMLET: Do you see yonder cloud that's almost in shape of a camel?
POLONIUS: By th'mass, and 'tis like a camel indeed.
HAMLET: Methinks it is like a, weassel.
POLONIUS: It is backed like a weasel.
--W. Shakespeare (S. Chakravarty’s perspectives Science 08)

Z-map intensity at E = 12.0meV Z-map intensity at E = 150.0meV
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Candidate broken symmetries

Z-map intensity at E = 150.0meV

® Translational symmetry
Ta7 Tb
®* Rotational symmetry
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Can we separately measure?

Need a 1,,1;, preserving order parameter



On the s-f 'ffioulder of
e Relating a,symmetry to a quantltatlve measure

/(r, w) R(r)

P. Anderson, N.P. Ong M.B.dJ. Meinders, H. Eskes, G.A. Sawatzky
J. Phys. Chem. Solids, 6'7,1(1993) Phys. Rev. B, 48, 3916 (1993)

M. Randeria et al,
PRL 98, 137001 (2005)

e Fourier filtering to look for stripe

NAr,E)= j dr'fe—e )N E), W f(r)oc A2e N2 cos(mx/2a) + cos(my/2a)].

C. Howald et al, S. Kivelson et al,
PRB 67, 014533 (2003) RMP 78, 1201 (2003)



Local measure of broken symmetry?

Z-map intensity at E = 150.0meV
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Z-map intensity at E = 150.0meV
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Z-map intensity at E = 150.0meV
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Local measure of broken symmetry?

Z-map intensity at E = 150.0meV
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Local measure of broken symmetry?

Z-map intensity at E = 150.0meV
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Local measure of broken symmetry?

Z-map intensity at E = 150.0meV
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Nematic ordering in UD 45
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Domailn size in Z-map

Z-map intensity at E = 6.0meV
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Nematic domains

e Shift Qx, Qy to origin £ e Low pass filter (long
(“tune to the channel™) distance physics)
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Oriented stripe domains

e Shift Sx, Sy to origin - e [,ow pass filter (long
(“tune to the channel™) distance physics)
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Hypothesis: longer ranged orientational ordering
than stripe ordering <

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)
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hat dlsorder 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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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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