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New phase transitions of Composite
Fermions

Zheng Zhu Donna Sheng Liang Fu
MIT Cal. State University, Northridge MIT

 Phase transition between Pfaffian and composite fermi
liquid in bilayer graphene by turning magnetic field.

e Stoner transition of composite fermi liquids in AlAs (arXiv:
1802.02167).



Zoo of fractionalized liquids
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We believe this is a gapless
fractionalized phase of matter:

Composite Fermi Liquid
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The composite Fermi liquid
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The composite Fermi liquid
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Wave function of Composite
Fermi Liquid

The key to quantum Hall energetics

How to make particles stay as far way from each other as possible within a Landau level

at filling 1/:
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Wave function of Composite
Fermi Liquid
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We get the bosonic Laughlin stateat 17 = 5
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Composite fermions on Torus

Single particle translations form a discrete lattice on a finite size torus
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t; (d) Translation of particle i by vector d

For any given set of N distinct {d@}

We can construct a Composite Fermion trial wave-function

WerL({d:})) = det((;(di))|2775)
d; = —1°2 x k;
E. H. Rezayi and F. D. M. Haldane, Phys. Rev. Lett. 84, 4683

(2000).
Shao, Kim, Haldane, & Rezayi, PRL (2015).



Composite fermions on Torus

WerL({di})) = det(t;(d,))|D775), di = =172 x k;
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Given a set of occupied states we can
predict many body momenta
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Composite fermion kinetic energy ~ E{ki}] = Eo + ~ Z e(ki — k)
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Energy, meV

A smoother transition between
the Pfaffian and the CFL

Imagine 2 components continuously rotating from
N=0 LL into a N=1LL
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In the N=1 LL of bilayer graphene one can achieve version of this:
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SU(2) magnet to SU(2) singlet

Consider SU(2) 2-component system:
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Phase transition of polarized states

Consider SU(2) 2-component system:
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Stoner transition of CFL states
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Pfaffian to CFL transition
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Clean Pfaffian to CFL in bilayer
graphene

06 Continuously rotating the N=0 LL into a N=1LL with field
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Ising Stoner Instability of Composite
Fermion Metal

* [wo components with rotated mass tensors rotated by 7T/2 undergo a
an analogue of the Stoner transition:
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The Hamiltonian of our study

Aluminum Arsenide: Two valleys
with anisotropic mass
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Ground state polarization

Exact diagonalization on torus
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Numerics vs simple model

Wer ({d]. di})) = det(t;(d])) det(t;(d})) |29

Trial wave function Exact diagonalization
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DMRG phase diagram
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Connections with Aluminum Arsenide
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Summary

Alternative platforms for fractional quantum Hall physics like

Graphene, ZnO, AlAs, allow to realise a wealth of phase
transitions between fractionalized phases of matter.

e Stoner transition of composite fermi liquids in AlAs (arXiv:1802.02167).

e Quantum phase transition between Pfaffian and composite fermi liquid
might be realisable in bilayer graphene with perpendicular field.

e Sequence of phase transitions in ZnO (arXiv:1804.04565) and bilayer

graphene (Nature 549, 360 (2017)) for a level crossing between N=0 and
N=1 Landau levels.



Bosonization and shear sound in 2D Fermi liquids

Shear sound of interacting Fermi liquids

Jun Yong Khoo
MIT

Should appear rather generically in 2D Fermi liquids

>k
when quasiparticles become twice as heavy as bare m- > 2m0

arXiv:1806.04157



Bosonization of 2D Fermi liquids

2D Fermi liquids have an infinite number of slow variables

State is parametrized by
space-time dependent
Fermi radius

pF(Xv (9) = PFo T+ U(X, ‘9)
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Radius has commutation relations analogous to 1D
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D. F. Mross and ‘1. Senvhil, Phys, Rev, B 84, 165126
I'. D. M. Haldane, 5529 201 1).
A. H. Castro Neto and E. Fradkin, Phys. Rev. Lett. 72 S. Golkar, D. X. Nguyen, M. M. Roberts, and D. T. Son
1394 (19494).

Phys. Rev. Lett. 117, 216403 (2016).



Bosonization of 2D Fermi liquids

(‘27{)“2

1PF

~ 5 ) A
H — /dHX ’U-L’Hh.g’gl’l.[,x’(.)/

5(6 — 61)8,6(x — x') + O(@)

[/&’X,Q , ,&/x/,g’.‘ —_—

/ —
ho o0 = szpF (5(9’ —0) F((92 (9)> Landau function:
’ 18
F(0 — 6)
Quantum version of kinetic equation:

o ) . Ugp = [dzx fiy ge taxX
10tUq.p = |Uq.e, H| = Kpprtig.e,

-, /- - /] ] /
K(68,0") = vpq - Ps (6(9 6’)-!—; (0 — 9))

400" o
ol Go gy = / 53V (O)G(6.0)w(®)



Mapping classical to quantum

Quantum version of kinetic equation:

u(x, 0)
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Mapping classical to 1D tight binding

Angular momentum:

0
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Mapping classical to 1D tight binding

Angular momentum: Even and Odd modes: 0 — -
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Landau parameters
play role of bond disorder

Isolated modes

Continuum of modes

A. Kinmar and 1). .. Maslov, Phys. Rev. B 95, 165140
(2017).



Another sound

Only one bond is defective:
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Shear vs zero sound

| . | — )
\\\ ‘\
Zero sound is longitudinal Shear sound is purely transverse
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In metals zero sound is transformed Shear sound remains linearly

into plasma mode dispersing in metals
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Shear sound and mass renormalization

Mode is Landau damped in weakly interacting Fermi liquids

Mode is expected to appear
out of continuum when:

Fi > 1

Mode is expected to appear
when quasiparticles become twice as heavy:

VFrg 0m”
X — = — =1+ F;
VFE ™o

Large variety of systems with mass enhancement near critical
points could host undamped shear sound:
M. Neumann, J. Nvékiy, I}, Cowan, and J. Saunders,

) Hes adsorbed On graphlte peience J17, 1356 (2007).
 kappa-ET and dmit on the pressure induced metal side . (i v w0 s o, ™ 0
* Quasi-2D heavy fermion materials (e.g. CeCoINS)  settaiet al. 1t of Prgmics: Condensed Matear 13, 127 (2001)

 Overdoped metal in iron based superconductors (cuprates?) Hashimoto etal. Science 336, 1554 (2012).



Response functions

) ) 8 Density
Oq = /(I@O(q. 0)ig.0 = Z Ox.q¥x.q
A Even [=0

PF |

Prq = sgn(Ex)=—15 Modes o
2T

. UOFPF , , +

— QO] E
J\.q 52311( )\) 9 (LAlq_I_ LAqu—) odd

modes

Sharp peak in the transverse current-current correlation
function with spectral weight:

)2

w, . — PEdVor 1 — 1
JLJL , 3/9
16 F1/

vanishes as F; — 1

f ' /

Longitudinal
Current

[ =1

Transverse
Current

— F7)
;)



Summary

Mode is Landau damped in weakly interacting Fermi liquids

Mode is expected to appear
out of continuum when:

Fi > 1

Mode is expected to appear
when quasiparticles become twice as heavy:

VE m*
. o M 4R
VF o

Large variety of systems with mass enhancement near critical
points could host undamped shear sound:

 He3 adsorbed on graphite surface

e kappa-ET and dmit under pressure induced metal

* Quasi-2D heavy fermion materials (e.g. CeColnb)

e Over-doped metal in iron based superconductors (cuprates?) _
arXiv:1806.04157






