Development of a nuclear
quadrupole based technique for
measuring charge homogeneity;,

and Its application for YBCO



Outline:

« What is charge homogeneity, and why is it
Interesting?

 Current experimental methods for measuring
charge homogeneity, and their drawbacks.

A new Idea to tackle the problem.
« Experimental results
e Conclusions
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Motivation - Stripes

 The stripes theory claims that one dimensional
charge structures in the planes play a crucial role in
the mechanism of superconductivity.

Inhomogeneity
higher T,

« Higher doping = more stripes =

» There Is partial experimental evidence for stripes.



Evidence for inhomogenelty using uSR
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 This result supports the presence of some
magnetic structure (not necessarily in the
form of stripes).

* Increasing the doping decreases the
Inhomogeneity.

e |t looks as If the structure 1s a remainder of
the AF phase.



Evidence for inhomogeneity using STM
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Summary of the introduction

 Some theories are based on structures
In the planes.

* There Is incomplete experimental
evidence for such structures.

Solution

A new technique, based on the nuclear
quadrupole interaction.

Qutline:

o/ Motivation: what is
charge homogeneity, and
why is it interesting?

-/ What is the experimental
evidence for
homogeneity , and what
are the drawbacks?

« Our new idea how to
deal with this problem.

e Results
e Conclusions
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Electric quadrupole interaction
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* The quadrupole interaction Is sensitive to
the symmetry of the charge distribution, and
can be a useful tool for our purpose.

1 determines the homogeneity of the charge
distribution:

n=0 — Homogenous charge distribution
n=1 — Inhomogenous charge distribution
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NQR experimental setup
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Temperature [K]

NQR Spectrum of YBCO
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The EFG tensor for Cu(2) in YBCO:+
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YBCO in a magnetic field
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Orientation quality
X-ray diffraction
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Echo Intensity vs. © - Theoretical Result

n=0
n=0.4
Nn=0.6

Intensity[a.u]

0 50 100 150 200 250 300 350

0[degree]



Intensity (6=90)\Intensity(6=0)

Intensity (6=90)/Intensity (6=0)




NQR Spectrum of YBCO
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YBCO
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YBCO
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Intermediate Conclusions:

« ADNQR can be applied successfully to
measure n.

« For YBCO+ we obtained n=0 +0.1. This
agrees with the known result.

* Since we measure [n| we can further
conclude that there Is no spatial fluctuation
In the charge distribution. N
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Results of ADNQR for different samples
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Motivation - Stripes

 The stripes theory claims that one dimensional
charge structures in the planes play a crucial role in
the mechanism of superconductivity.

Inhomogeneity
higher T,

« Higher doping = more stripes =

* There are experimental evidences for stripes.



Is It a structural or a charge effect?
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summary:

*ADNQR can be applied successfully to measure 1.

» For YBCO- we obtained n=0 (high homogeneity).
 We found the first evidence for charge
Inhomogeneity in the bulk of highly doped YBCO
(YBCOes.s7s5 ).

*\We can safely say that YBCOe.675 IS less homogenous
than YBCO:y.

There Is an anticorrelation between Tc and homogeneity

..
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