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Outline

• Light induced enhancement of pairing correlations - Context 

• Competing charge order and superconductivity in cuprates - A 
quick survey 

• Competition of orders in a bilayer - Model and phase diagram 

• Effects of phase pinning - The role of charge order domains
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Motivation: Light Induced Superconductivity in cuprates

S. Kaiser et al., Phys. Rev. B 89, 184516 (2014)

• Mid-infrared optical 
excitation resonant with c-
axis phonons. 

• This leads to displacement 
of the apical oxygens.
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Features in the optical conductivity

S. Kaiser et al., Phys. Rev. B 89, 184516 (2014)

�(!) = �1(!) + i�2(!)
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W. Hu et al., Nat. Mater. 13, 705 (2014)



Effects of periodic modulation

Driving the system alters the 
structure of the system leading to

• Oscillation induced 
enhancement of tz

• Quasi-static shift of plane 
separation 

• R. Mankowsky et al., Nature 516, 71 (2014).

�7

Light Pulse

Interlayer 
Coupling ⬆

Charge  
order ⬇

SC ⬆

Generically function to enhance the interlayer coupling



How can this enhance superconductivity?



Competition of superconductivity and charge order

J. Chang et al., Nat. Phys. 8, 871 (2012).

• Charge order is experimentally seen 
to compete with superconductivity 
in these systems 

• A melting of charge order is 
observed coinciding with emergence 
of the transient pairing signal.
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M. Först et al., Phys. Rev. B 90, 184514 (2014).
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hopping on square lattice,  
nearest neighbor exchange, and  
nearest neighbor Coulomb 
repulsion.

A model of Copper Oxide planes
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The Hamiltonian consists of hopping on square lattice, nearest neighbor 
exchange, and nearest neighbor Coulomb repulsion.

e.g.  
M.A. Metlitski and S. Sachdev, Phys. Rev. B 82, 075128 (2010) 
J. D. Sau and S. Sachdev, Phys. Rev. B 89, 075129 (2014) 
Y. Wang and A. V Chubukov, Phys. Rev. B 90, 035149 (2014) �10



Mean-field theory of competing orders

• d-wave superconductivity ! 

• d-form-factor density wave 
(dFF-DW) "
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Landau theory of competing orders

(�,�) 2 (0, 0), (�0, 0), (0,�0), (�co,�co)
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ZMR, V. Stanev, and V. M. Galitski, PRB, (2015).
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Mechanism: The role of curvature
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Mechanism: The role of curvature
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Including the effect of interlayer coupling

(�,�) 2 (0, 0), (�0, 0), (0,�0), (�co,�co)
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• Qz = 0 DW is melted 

• SC is enhanced

ZMR, V. Stanev, and V. M. Galitski, PRB, (2015).

?
When increasing tz:

Extend to 3 dimensions and 
consider the effect of 
interlayer coupling



Just increasing tz is not enough

• Nesting is destroyed at Qz = 0 

• But, nesting can be preserved for 
ordering with Qz = π 

• This effectively decouples the layers 
as far as the density wave is 
concerned
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• $ -  the phase difference of the 
orders 

• O - the relative orientation of the 
ordering vectors (‖,⟂)

Promote phase and orientation to random variables

In preparation

Bilayer model



Averaging over orientation and phase

• ! - the phase difference of the 
orders 

• O - the relative orientation of the 
ordering vectors
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In preparation



After averaging
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Effect is generic
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%$ = 1 %$ = 0.5



Summary
• The perturbation increases effective inter-

plane coupling, tz.

• The presence of phase pinning allows 

increasing tz to melt charge order.


• Melting of charge order enhances 
superconductivity.

Thank You
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