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Abstract: I will argue that there is compelling 
evidence, both experimental and theoretical, that the 
observed orders in strongly correlated systems are 
intertwined rather than competing, in the sense that 
they appear with comparable strength without need 
of fine-tuning to a complex multicritical point. An 
example of intertwined orders is the scenario based 
on the of the pair-density-wave state from which 
other orders appear from different quantum and/or 
thermal melting phase transitions.

The Case of the Intertwined Orders

Proposal: the competing with uniform d-wave 
SC is a Pair-Density-Wave (PDW) SC; CDW and 
Nematic orders are “daughter” (vestigial) states 
resulting form partial melting the PDW state.
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Vestigial Orders:
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• CDW and nematic orders have Tc’s comparable 
with that of d-wave SC over a range of parameters 
•LBCO and LSCO exhibit an unusual SC with layer 
decoupling and a cascade of phase transitions 
•It is unreasonable to expect the generic presence 
of a complex multi-critical point 
•This is a feature of strong-coupling physics 

PDW : �(r) = �Q(r)eiQ·r + ��Q(r)e�iQ·r

CDW : ⇢2Q(r) = �Q(r)�⇤
�Q(r)

Nematic : N(r) = |�Q(r)|2 � |�Q⇤(r)|2

charge 4e SC : �4e(r) = �Q(r)��Q(r)

• Intertwined orders in LBCO, LSCO 
and YBCO

•PDW SC found in Kondo-Heisenberg chains and 
in 2-leg ladders (and are topological SC’s)

•PDW SC can melt by proliferating SC vortices,  
by proliferating half vortices bound to CDW 
dislocations, or by proliferating double CDW 
dislocations 
•Complex phase diagram with comparable TC’s 
without significant fine tuning!


