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Outline — experimental data from YBCO

e Introduction to YBCO

* The vortex lattice at high magnetic fields

- Introducing the vortex lattice
- how does it normally behave?
- deviations from the London model

* Looking for a diffraction signature from the pair density
wave
- Introducing the pair density wave
- trying to find a diffraction signal
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Cuprate phase diagram
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Electronic instabilities In the cuprates
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Underdoping to overdoping
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Introduction to YBa,Cu,0,_, (YBCO)

HgBazC uOy,; YBa,Cu,04.; La,.,Sr,CuO, TI,Ba,CuOg,;
(Hg1201) (YBCO) (LSCO) (T12201)

Copper-
Oxygen
Planes
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Oxygen ordering in YBCO - the chains

Ghiringhelli et al., Science 337, 821 (2012)

Andersen et al.,
Physica C 317,
259 (1999).
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Electronic instabilities In the cuprates
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Outline — experimental data from YBCO

e Introduction to YBCO

* Looking for a diffraction signature from the pair
density wave
- Introducing the pair density wave
- trying to find a diffraction signal

* The vortex lattice at high magnetic fields

- Introducing the vortex lattice
- how does it normally behave?
- deviations from the London model



What are pair density waves?

A pair density wave is a superconducting
state in which the order parameter varies
periodically as a function of position in such
a way that its spatial average vanishes.

Agterberg et al., Annu. Rev. CMP 11, 231 (2020) 4 FE-OSUpSIROdyetor

K / The PDW state does not
necessarily break time-reversal
symmetry
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STM data — the PDW seen In field
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The right hand plot is obtained from data measured at 8.25 T, with the O T data
subtracted.



What can we see with X-rays?

For the charge density wave, the X-rays are scattered by the electrons, and so
we are sensitive to spatial variation in the electron density.

The high energy X-rays are more sensitive to (induced) atomic displacements
than purely charge displacements.

— not directly sensitive to the pair density wave
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STM data — the PDW seen In field
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Where to look In reciprocal space?

The CDW satellites in ortho-I1 (data, fit)y @ O T
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Where to look In reciprocal space?

The CDW satellites in ortho-I1 (data, fit)y @ O T
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We also need high field

Liang, Bonn, Hardy
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CDW order in a large B field
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CDW order in a large B field
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Where to look for the PDW In Q space?
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Example data at (O K 0.5) and (O K 1) 3 K
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Example dataat (0 K0.5)and (0K 1) -3 K

Chang et al., Nature Comms 7, 11494 (2016).
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Along thea*axis—(HOL)-3K
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Conclusions

» A diffraction signature from the pair density wave?
» not seen — A, at least one order of magnitude
smaller than A; = Appyy 1IN YBCO ortho-lI|
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Outline — experimental data from YBCO

e Introduction to YBCO

* Looking for a diffraction signature from the pair density
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- Introducing the pair density wave
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* The vortex lattice at high magnetic fields

- Introducing the vortex lattice
- how does it normally behave?
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Vortices In Type-Il superconductors
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Vortices In superconductors

- Topological
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Diffraction from the vortex lattice
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The form factor as a function of field

London Model

B
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The form factor as a function of field
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YBCOY7 — fully occupied chains
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The form factor of the VL in YBCO
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Explanations?

* The superconducting characteristic lengths are changing.
The penetration depth changes with field.
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Explanations?

* The superconducting characteristic lengths are changing.
The coherence length should also change with field.
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Explanations?

- Additional magnetization in the core (e.g. Pauli paramagnetic effects)
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Conclusions

» A diffraction signature from the pair density wave?
» not seen — A, at least one order of magnitude
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