
Collision-free collective Excitations

(Zero Sound)

let us first recall the Boltzmann

equation for a distribution gck.r.tl

[ see eg Ashcroft -Merwin chapter 16] .

If + II. ¥→ +31=318--1+4
collision .

is the charge in g per unit
where 3¥ /

conium

time deal to collisions and for nearly free .

fermions may be schematically written as

4¥/= - fdk'{wmeigcmll-gck5-wai.kgckhl-gckif-FE.ieCollision particles leaving
Ñ due to collisions Ñ due to

collisions .

where WK.be is the scattering probability from
k→ k'

.



Also , recall that within the relaxation

time approximation, the collision term

= - [ goes -goats]is given by %¥/collision *
where CCB) is the scattering lifetime .

The above equation makes sense only

semi -classically since we are specifying
both the momenta and position siuinultaneoudy
We would like to write down a

similar equation for the quasiparticle

distribution that is varying inTibet .

Two regimes :
-

In a Fermi - liquid . as discussed earlier
.

the quasiparticle scattering rate takes

the form Mr e- 1
~ (Ek-Eff +T?



Consider a perturbation of the system

which leads to the g.p . distribution

npcri.tl varying as :

icq-s.rs - wt)
npcr.tl = hop tsrnpcqw) e

If the frequency w → ÷ ,
then

the effect of collisions may be neglected ,

since many oscillation cycles
have been

completed before two app .'s collide .

In this limit , as we will soon see
,

the system undergoes dissipation - free

oscillations as long as the velocity
of the corresponding wave is

larger than

the Fermi velocity Cso tweet the mode

is not damped by the continuum of

particle - hole excitations ) .

This mode

is called
'
zero sound?



In the other limit . Koe⇐ 1 ,

collisions can't be neglected and one

obtains a sound mode that is

similar to the ordinary sound in

liquids . This mode is often referred

to of
•
first sound ' . Here we will

primarily focus on toe zero sound
.

Zero Sound :

-

In the absence of collisions the Bottineau

equi for npcr.tl is

01¥ + snp
⇒

• 3¥ + anp
⇒

• 1-17=0 .

Using semiclassical dynamics ,

dig =v→=§÷p , II. = - 2÷p→



where Ep = Eop + JIE f- p Snp '
⇐ ¥m*)

and we have suppressed the spin-label (we

will soon specialize to the case where

oscillations are spin-symmetric) .

Writing npcp.tl = hop 1- Super .tl

Where hop = 0C Ep -p£*) B the *⇒0

equilibrium distribution , at the linear

order in Snp one obtains
,

2§¥G→t%YKr .IE#-2n0p-.-pgS-ppiJ8npir7t7zp→ *
= 0

.

Assuming that these free oscillations occur

at waverector of and frequency w ,

we may write super ,⇒=gnp→ei arm - lot



⇒(q→ . Tp - w)8np - of •Pp 2z⇒p§, fppesrnp'
= 0

where we have used %p→p_ = V→p ,

and

3%1 =

3%÷z¥-=z%÷v→p .

Lets choose coordinates so that q→__qÉ
and p→ = pp [ since cosy ,

since since , cost] .

Further
.
let's parametrize Snp as

Snp = 8 Csp - Ef) Vp Up .
Since

dnD_ = 8 (Ep - Ep) , the factor of

2 Ep

8CEp - EF) drops out and we obtain ,

(qvpcoso-wlulol-qvfcosofdrf.co-09
F- UCO ')

where DR = 2T Sino'dO
'

is the
= °

differential solid angle .



(toso - 1) UCO) - ¥0S FCO -07 ucoisincodo
'

= 0

where D= Wy .
This is an eigenvalue

problem with matrix kernel 5-(0-01) sink?

Although one may be able to solve it

for specific f-hs f- CO-O
') , Iet 's

specialize to the case when only

the Landau parameter fÉ=o is

non-zero . In this case , one obtains
,

Cosa -A) UCO) - cost ) Fo JUCO ' ) since ')dd
2-

= 0

where Fo = fe=o VWWCEF)

Denoting Juco / 7 since') do' = se

⇒ UCOI = Cosio) Fo n

-2¥



Using the definition of N , this

implies the following consistency
condition lie . eigenvalue equation) .

Fog / cosC0É¥d0__ = 1

[Cosio) - AT

⇒ Fg [A dog 7¥ +2]
= 1

⇒ a dog 2¥,
-1 =¥2-

Recall D= gyp and I > 1 that

the zero sound veetlocity > VF and

hence the Zero sound is undamped.

damped
zero sound

2'RE op



From above implicit equation for A ,

one may verify
that when Fo > 0

,

there is one real solution and which

has A > 1
.
In tee-3 , Fox 0-91>0,

and therefore Zero -sound is undamped

at small frequencies as also

observed experimentally Csee the

papers posted on canvas ) .

When Fo 771 ,
9 is also large

and one may
then solve the

above equation by Taylor extension,

✗ eog§]_~a{eoglit ;-]- ooga
-¥1]

=D [ f- +1%, + . . .]_~1t¥
2-

⇒ a - t¥ .


