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Ubiquitous Non-Fermi liquids
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Cuperates MnSi Heavy fermions
etc...

vanishing quasi-particle weight, power-law

transport, power-law specfic heat, diverging
effective mass...






Theoretical Understanding of NFL?

* Holographic constructions

* Diagrammatic studies of Fermions coupled to

emergent gauge boson...

guantum critical boson...

 Many-body wave functions
d-wave bose metal, Jiang et al (2013)

e v=1/2 Fermi Fluid
WF, QFT, and experiment!!!



EE of the poster-child NFL:
v=1/2 Composite Fermion Fluid

Larger Context: EE vs Correlation



2D Free Fermions under B

we = N, /Ng




Interacting Electrons under B

Magnetic field (T)



Gapless v=1/2 Phenomenology

e "Mother" of FQH

Susceptible to pairing and nematic



Composite Fermion

* Flux attachment

Composite Fermion

. FQHofe=IQHofW

(Jain, 1989) m m

e v=1/2 of e = y without field ] ] )
(Halperin, Lee, Read, 1993) ®- <Iv1> O u
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Chern Simons - Fermion

* Field theoretic flux attachment (HLR 1993)

mean-field:




Composite Fermion WF

non-commutative translation by
guiding center d° = €y 12,
within LL

Bosonic Laughlin
(z-z;)* with periodic boundary
. elliptic functions

Rezayi, Read (1994), Haldane, Rezayi (1985), Rezayi, Haldane (2000)



Filling the Fermi Sea

* Challenge: choosing { ki } in the absence of
kinetic energy, i.e. flat band

» Minimize H =

2
il

2mN
1<9

* Fortotal K=0, { k; }
minimizes usual K.E.

* N=37,137/,...




= Y (ealpalaz)(azlpalon) = Tr(p

X 1 .(12

* Converngence issues

» Factorize <SWAP,>:

sign trick (Zhang, Grover,
Vishwanath, 2011)

particle number trick (Shao,
EAK, Haldane, REzayi, 2015)

Lauchli (2013), McMinis (2013)






Logarithmic enhancement in

Fermi Gas
* Consistent with Widom conjecture
1 +a d—1

Widom (1982), Gioev and Klich (2006), Leschke, Sobolev, Spitzer (2015)

* Purely geometric coefficient

c(p) = (27T)1_d/ dSa;/ dSk|ng - n,
519 O]

Boundary of subregion A Fermi surface



Insight into the logarithmic
enhancement
Swingle (2010)

. EEof 1D CFT: \CR TcL)

log(L/e)

Calabrese & Cardy (2004), Holzhey et al (1994)

« 2D free Fermion:
» patches of 1D chiral fermion

* Number of patches ~ L/a:
density of modes L, length of FS 1/a






Result I: Free Fermion




Result [I: Composite Fermion




Some Previous Results
Critical spin-liquid (Gutzwiller projected Fermi
Surface): Sz = Sz, free [Zhang, Grover, Vishwanath, (2011)]

Fermi liquid via 2D bosonization: S,=S, ..
[Ding, Seidel, Yang (2012)]
Slater-Jastrow wave functions: slight enhancement
[McMinis & Tubman (2013)]

Scaling conjecture for some 2d NFL: S5 o< Llog L
[Swingle & Senthil (2013)]



Summary and Questions

* Numerical evaluation of the scaling of S,

Free fermion Composite fermion
S,= 0.135 Alogh S,= 0.27 Alogh
e 2=2x17,2=1+17?, 2=?7?7

e General conditions for correlations to
affect Entanglement?



Speculations

* Could it be simply the (z;-z)*?
»No

* Could it be the over-damped collective mode?
1-loop gauge fluctuation effects:
S(T)~ T logT with Coulomb interaction...

Halperin, Lee, Read (1993)
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