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Emery and Kivelson, PRL (1995)
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Transport	without	quasiparticles?
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Theoretical	challenges

• Theory	for	transport	in	“bad	metal”	regime,	) ≳ )3?

• Model	for	) ∼ = extending	down	to	low	=?

• Fundamental	bounds	on	resistivity?	Role	of	quantum	
criticality?



Outline

• Translationally	invariant	large-N	model	with	strong	e-e	
interactions:	Fermi	liquid,	Marginal	Fermi	liquid,	and	
non-Fermi	liquid

• Implications:	transport	bounds,	local	quantum	
criticality
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Locally	quantum	critical,	4 ∼ ]

Critical	FS

T=0	phase?
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Critical FS

T=0 phase?
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Marginal	Fermi	Liquid	(MFL)
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Marginal Fermi Liquid (MFL)
Spectral density of 𝑓 fluctuations: 

Varma et al., PRL (1989); Abbamonte et al., arXiv (2017)
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𝝆 ∼ 𝑻, 𝒄𝑽 ∼ 𝑻𝐥𝐨𝐠𝑻

No apparent 

“Planckain” bound
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Local quantum criticality at 𝑻 → 𝟎?

The local quantum critical/MFL 

“phase” has 𝑆 𝑇 → 0 > 0

Stability at 𝑇 → 0?

𝑊𝑓 = 0 (“Kondo lattice”): MFL unstable to magnetic/heavy 

FL phase (upon adding uniform 𝐽𝐾/𝐽𝐻/…) 
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Local quantum criticality at 𝑻 → 𝟎?

“local critical behavior” (dynamical critical exponent 𝑧 = ∞)

is generically unstable at 𝑇 → 0.
∗Assuming translational invariance

E.g. assume that 𝜉 ∼ log(𝜉𝜏) Aji, Varma (2007)

𝐿 ≳ 𝜉

𝐿 ∼ 𝜉 ∼ log 𝜉𝜏 ≤ log[ Τ1 𝛿 𝐿 ]

𝛿(𝐿) = Level spacing

⟹ 𝛿(𝐿) ≤ 𝑒−#𝐿

𝑺(𝑻 → 𝟎) grows at least as 𝑳
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e@ ≤ 1/f(g)
[f g - Level	spacing]

g ≳ e

⟨i 0, j i(0,0)⟩

i(l = 0).
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Conclusions

Thank	you.

• Fundamental	“Planckian”	bound:	may	apply	to	
thermalization/chaos,	but	not	to	any	particular	
physical	quantity	(e.g.,	current)

• “Local	quantum	criticality”:	probably	never	a	stable	
= → 0 phase/QCP.	

• “Parent”	multi-critical	point?	
Universality	of	maximally	chaotic	systems?

Large-N	models:	non-quasiparticle	transport	
in	a	controlled	setting.	


