Spin-valley collective modes of
the electron liquid In graphene

Yale

Zachary M Raines C42.00002 March Meeting Online, 2021
4:12 PM-4:24 PM



Collaborators

Prof. Vladimir Fal’ko Prof. Leonid Glazman

Univ. Manchester Yale



How do excitations of the spin-valley
channels spread in Fermi Liquid
graphene?




Fermi Liquid graphene

A multicomponent Fermi liquid
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 We want to construct a
Fermi liquid theory of
graphene without sub
lattice symmetry

 We know the non-
iInteracting dispersion but
what types of interactions
can we have?
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Symmetry of gapped graphene

What short ranged interactions are symmetry allowed?

W (r) = (uga(t) tgp(®) gp(t) —itg(r)) - 7,(r) Low energy theory
* For the low energy theory we expand Expand around K and K’ points
In terms of the
at the Dirac points and /\
Wia(K)
| 2, Wip(K)
» These Bloch wave functions have well TRT L (k)

defined symmetry properties under

e (K
lattice transformations Via(K) \ /

Aleiner, Kharzeev, Tsvelik, PRB 76, 195415 (2007)
Kharitonov, PRB 85, 155439 (2012)
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Interactions from symmetry

. We Can.approximate the ¢ j ugkz(r)V( = Dt ()
interaction constants from
matrix elements of the

Coulomb interaction
Long Range

* Due to symmetry there are 3 Strongest V(q)
independent short ranged
coupling constants + long

ranged part of Coulomb g1~ V(| K-=K)
* Interactions form a natural 8.~ V(|b |)
hierarchy of scales related to g..A
their characteristic length scale Weakest 800 ™~
Vi K — K,

Short Range
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Upper band description
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e Six possibly distinct short ranged
interaction functions + long ranged
(VK - 2+ (AT ), = Vv + Ay Coulomb

 These could be considered inputs of
the theory

« Momentum dependence comes from
the spinor matrix elements
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Neutral sound modes
What kills first and second sound

dop* (K, r) 0 Sp*(k, 1) on /V@ : tr X*1[50)]
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Zero Sound First Sound
1 Regime generically Not guaranteed to | 1
> — exists at low enough exist — <0< —
T temperature 11 (%)
Collisionless Collisional
Can be killed by Can be killed by

Landau damping - &P ‘ collisional damping
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Zero sound

Collisionless equations for the uncharged channels

05p"(K, 1) 0 S on o 1. i , 1 V
ot or " o | V 4 ® > =

4 occurs when

e /ero sound occurs In the collisionless limit

e Sound oscillations are much faster than relaxation

e e.g 1 — 0Osince ] (T/EF)2

* Relaxes through Landau damping
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Zero sound 1
Is it damped? @ > —
: : 5 on
—iwpt(K, q) +iv - qopr(K,r) = - V- FH

 Natural independent variable
0,

Vrq

5| =

» Solutions for s > 1 undamped

s < 1

 Solutions for s < 1 Landau damped Landau damped
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Absence of zero sound

Generic Landau damping

Due to the properties of the Coulomb
interaction f* is negative definite
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What about first sound

Is there a hydrodynamic regime In neutral channels
occurs when

m =0 ). o0} Density 1 1
p Conserved — KL< —
m = ‘ 1 ‘ Zcos gpr(Sp]ﬁ‘ Current g 2
P
nm = 2 2 SoH ?
‘ ‘ ;ccis b,.00; Not ¢

e Existence of first sound rests on the behavior of
the collision integral

» Specifically the relation between scattering time for
different angular harmonics on the Fermi surface
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Neutral channels

How do these modes relax?

O Aj=0

Momentum iIs current

—
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No neutral first sound
Not hydrodynamics, but diffusion

* There Is no frequency regime in which
neutral first sound is not overdamped

* Finite temperature transport in neutral
channels is ultimately diffusive

a)Tl << 1

First sound regimelis
“squeezed out”

2

y2
Py L b u
D 2T,[r(1+F)




Summary

o Symmetry dictated Fermi liquid
theory of graphene

* Neutral zero sound and first
sound in graphene are absent for

all spin-valley channels.

* [ransport of spin-valley quantum
numbers is generically diffusive

ZMR, Fal’ko, Glazman, PRB, 2020
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