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2008

Presenter
Presentation Notes
OTHER THAN THEIR HIGH-TCS, INTERESTING BECAUSE THEY START OUT AS INSULATORS
COME FROM STRONLGY-CORRELATED SIDE OF THINGS

One of the most notable and challenging aspects of the cuprates is the strong electron-electorn interacftions

In-fact, as grown they should be good metals, but are instead antiferromagnetic insulators. The elctrons are corrlated and form an insulating ground-state due to correlations. 



From Insulator to Superconductor

Barisic, N et al., PNAS (2013), I.S. Elfimov et al. PRB 060504(R) 
2008

Presenter
Presentation Notes
OTHER THAN THEIR HIGH-TCS, INTERESTING BECAUSE THEY START OUT AS INSULATORS
COME FROM STRONLGY-CORRELATED SIDE OF THINGS

One of the most notable and challenging aspects of the cuprates is the strong electron-electorn interacftions

In-fact, as grown they should be good metals, but are instead antiferromagnetic insulators. The elctrons are corrlated and form an insulating ground-state due to correlations. 



From Insulator to Superconductor

Barisic, N et al., PNAS (2013), I.S. Elfimov et al. PRB 060504(R) 
2008

Presenter
Presentation Notes
OTHER THAN THEIR HIGH-TCS, INTERESTING BECAUSE THEY START OUT AS INSULATORS
COME FROM STRONLGY-CORRELATED SIDE OF THINGS

One of the most notable and challenging aspects of the cuprates is the strong electron-electorn interacftions

In-fact, as grown they should be good metals, but are instead antiferromagnetic insulators. The elctrons are corrlated and form an insulating ground-state due to correlations. 



From Insulator to Superconductor

?

Barisic, N et al., PNAS (2013), 

Presenter
Presentation Notes
OTHER THAN THEIR HIGH-TCS, INTERESTING BECAUSE THEY START OUT AS INSULATORS
COME FROM STRONLGY-CORRELATED SIDE OF THINGS

One of the most notable and challenging aspects of the cuprates is the strong electron-electorn interacftions

In-fact, as grown they should be good metals, but are instead antiferromagnetic insulators. The elctrons are corrlated and form an insulating ground-state due to correlations. 



From Insulator to Superconductor

Barisic, N et al., PNAS (2013), M. Platé et al., PRL (2005); B. Vignolle et al., Nature (2008); N.E. Hussey et al., Nature (2003)
Ramshaw et al., Nature Physics (2011); M. A. Hossain et al., Nature (2008)

Fermi surface 
volume is 1+p
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Hall effect indicates p 
holes at low doping
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How to get from p to 
1+p ?
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Heavy Fermions Iron ArsenidesOrganics
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QUANTUM CRITICAL POINT WHERE GROUND STATE SYMMETRY CHANGES

At this point it’s useful to look at some other unconventional superconductors. 

Here’s a heavy Fermion, an organic, and an iron arsenide superconductor

All of these materials exhibit some sort of magnetism in their “natural” state, but by tuning them (with pressure for these two, chemcial dopig for this one) they become superconductors

Antiferromagnetism is a form of broken symmetry, and you can see that when you suppress this broken symmetry to zero temperature you get a dome of superconductivity. 

This is a quantum critical point, and there is thought to be a connection, which I will discuss more later, between unconventional superconductivity and quantum criticality. 
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Small Fermi Surface in YBa2Cu3O6.52

N. Doiron-Leyraud et al., Nature (2007)
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Introduction to Quantum Oscillations
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Quantum Oscillations in YBa2Cu3O6.59

B.J. Ramshaw, et al. Nature Physics, 7:3 (2011)
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Angle dependence of Quantum Oscillations

B.J. Ramshaw, et al. Nature Physics, 7:3 (2011)
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Fermi Surface Reconstruction, and the g Factor

B.J. Ramshaw et al. (2011), D. Garcia-Aldea et. al. (2010)



Fermi Surface Reconstruction, and the g Factor

B.J. Ramshaw et al. (2011), D. Garcia-Aldea et. al. (2010), J. Eun et. al., PNAS (2012) 



Charge Density Wave Order

T. Wu et al., Nature 2011, G. Ghiringhelli et al., Nature 2012

NMR X-rays



Charge Density Wave Reconstruction (?)

S. E. Sebastian, et al. Nature, (2014)



Tc ~ 91K

Tc ~ 81K

Tc ~ 75K

B.J. Ramshaw et al. Science 438 (2015), T. Wu et al., Nature 2011

Small Electron Pocket Ubiquitous to the CDW Region
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NOTE: frequency hasn’t’ changed much, which means Fermi surface hasn’t changed much in area



Diverging Effective Mass

B.J. Ramshaw et al. Science 438 (2015)
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Thermodynamic evidence for a Quantum Critical Point

B.J. Ramshaw et al. Science 438 (2015), Shishido et al., JPSJ. (2005), Tuson Park et al., Nature. (2006)

CeRhIn5
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B.J. Ramshaw et al. Science 438 (2015)

End of the Line for YBCO

La1.6-xNd0.4SrxCuO4 YBa2Cu3O6+x

Presenter
Presentation Notes
OTHER THAN THEIR HIGH-TCS, INTERESTING BECAUSE THEY START OUT AS INSULATORS
COME FROM STRONLGY-CORRELATED SIDE OF THINGS

One of the most notable and challenging aspects of the cuprates is the strong electron-electorn interacftions

In-fact, as grown they should be good metals, but are instead antiferromagnetic insulators. The elctrons are corrlated and form an insulating ground-state due to correlations. 



Angle-Dependent Magnetoresistance (ADMR)
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Angle-Dependent Magnetoresistance (ADMR)

К-(ET)2Cu(NCS)2

P. Goddard, PhD Thesis, Oxford (2003)



Angle-Dependent Magnetoresistance (ADMR)

Tl-2201

N. Hussey et al., Nature, (2003)



La1.6-xNd0.4SrxCuO4 

ADMR of La1.6-0.25Nd0.4Sr0.25CuO4

Data



ADMR of La1.6-0.25Nd0.4Sr0.25CuO4

Data SimulationLa1.6-xNd0.4SrxCuO4 



ADMR of La1.6-0.21Nd0.4Sr0.21CuO4

La1.6-xNd0.4SrxCuO4 

p = 0.21p = 0.25
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ADMR of La1.6-0.21Nd0.4Sr0.21CuO4
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p = 0.21 - Data Simulation
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La1.6-xNd0.4SrxCuO4 

p = 0.21 - Data Simulation



Conclusions

S. Badoux et al., Nature (2017)

• ‘New’ technique to measure the Fermi surface 
for p < p*.

• Doesn’t look like arcs or charge order.

• ADMR may give us access to the normal-state fermi 
surface across the phase diagram.

• Doesn’t need a Fermi liquid, just Fermi surface.
• Can extract the k-dependent lifetime.

• High T in YBCO? Low doping “metal”?
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