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we will see that the Landau

Fermi liquid paradigm breaks
down in old and must be

replaced by a different theory .

Particle - hole excitations in ld :
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particle - hole excitations become sharp

=¥;q as g - o

Ah excitation is bosonic
, first

glimpse of EeEEEE .

Here we will mainly follow
T
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Consider an idea tiled relativistic
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Two models are the sane Dirac

at low energies , bat differ
see

away from the Fermi surface
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Sr = tl
,
Se - l

all negative energy stores are filled
,

Dirac see

Particle - hole excitations in TL model :
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The main idea of the Letsinger theory-
use bosonic language to describe exc

.

density glx) - Ctx) Cx )
"

A fermion

gig ) - E CI, Ca ← convolutionk k

gtq ) Suns of p-h excitations
Our plan : write 941 in terms of get
gtq) = # by t # big

and express Htc in terms of 6
,
Gt

→ surprisingly the result will be

quadratic .

In addition
,
in this

language density - density iceferaotiuws
,

that are queenie in fermions
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- Esg kg) f # Gt # Gt)
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are also quadratic in terns of 6,6-1
and has Hoot = the -1 Hint can be

easily diagon . Cred
.



Mathematically , need to treat Dirac
see carefully .

To avoid infinities introduce

Normal ordering : :O :

move all creation (annihilation left tonight
by construction Col :O : lo > ⇒

p

- n
Dirac see

for A
, DB v linear combination of

creation and distraction operators
IAB : = A' B - Lo IAB to>

subtraction term
C- hauter

Consider how an example :
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we go now to Fourier spare

:grCx) : = f- Ep : grip) : eirx

:gElp)÷{ { 4. hip Cma if peco

p
if pao

finite { ciboria - Colorado)matrix
elements ihfiu.%aftwsahhst.TL



Now we want to compute the committer

[ giilp ) , gifts ' ) 7
it is nontrivial only if N=r ' .

First we do a naive calculation
,
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if we replace ↳ → Kip in the

second sun
,
it seems tht th Conacher

Vanishes
.

We must be careful with
• in matrix elements :

cgtpl.gt.ph?.f:cis+p.p.Cn..:-:ctn.p.ekz.pp : )
+ §.co/cthtp.piCkzlo7-GlCke.p.Cke-plo3)
the normal ordered acfrifatiu vanishes
since all matrix elements are finite



As a result we find :

tgntLp1grTtpYJ-gp.py.q@olctnk.crk.lo7Colctr.kz-pCr.u.eplD)
crusader now periodic BC k=2II
if q is occupied color

, g Crg 107=1

L-gnlpl.gitpff-srr.sppisrpz.LI#
this resembles boson count - ten

relatives [6,8-1]=1 (upto normalization )
in addition gifts>o) to > =o

Tg-hcpeolus.ro
{ of as annihilation operators on Dirac see

we define how for peo

6tp=f f. Qlsnp ) gigs )
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Now write everything in teres of Gs :

one can show [ Gp
,
HI -_ Of plop

↳

th=p%opTffg
expected result : in bosonic language

free Dirac theory is ! quadratic !
in 6 and ft ! Since interacting are

quadratic in g , they are easy to

iirtrodaee
,
we get still quadratic hay !

? Can we writeekmeutwyfermious.intens of bosonic operators ?

use Cg:(p ) , crlxB-FE.ie?k*Cctrie...pcrk.,crkd



Scotty: Rus of the last

equation does not change fermion

particle number
,
Get Cn should

do that
.
One can introduce

known as the

an operator ON (Klein factor)
which suppresses charge uniform - Ky
in spae a- d change total f#f Gg t.
This operation is hot important
for calculator of space - finedependenceof correlative functions

,

see Giammarehi book for details .

We succeeded in Gosouization
,
but

can we go beyond the idealised

TL model ? Instead of working with 6,6T
,

it is convenient to work with two

real angular fields 10 at Q
p → density fluctuations
⑦ → phase fluctuating
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localised particle = I kink of p
T

EE
. 1¥

.

•
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1) We will show below tht Q and pp
are canonically conjugate fields
2) The facts on macroscopic scales

( Ess k:') and tons encode universal

long - ueaekyh physics beyond the Tcm -del

→ Lattner liquid paradigm
Calculation of conaat.br of Q and p :

-mfirststart from elementary bosonic

partook [ 4. 61,456 'D - Shea )
45
'
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g ad 0 form the aujagase
pain cglxl , that] - ish- xD
Using how tht at Lu - human

g. b) xp. - ¥010
we get [ ¥0 EG ' )3= - ish- x' )
for more careful derivation see Giauarhi

We thus found :

1) Canonical mower of p (x ) is

NG) . ¥00
2) Cpcxl , OG ' ) ] = - i sgucx- xD
Elementary fields in Kras of Pando :

4.tk) - ftp.Eeihkpox-fcxhe-iocx )
t bosun
we can also get the representation of fermion
by attaching th TW string
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⑦ and fo can be related to Gtg art

Gq derived before
.

Hamiltonian of the Letting liquid
mainfree tie -og
• thin -- 5041442 Ems @ of

• density - de-oil at ⇒ Hat - f@PJ
hiked terns ~ op of are prohibited
by the inversion symmetry x > -x

Most general hettinger liquid Hamiltonian

A- E. Sdxfak ng¥
'

-1¥ 5)
and the corresponding action

5- f.zSdxdeffe@ep5taGxt5Jrelatiuisfios.ca
Car in id

U - velocity k= 71 attack
K - Lattimer parameter 21 repulsion



This is the most general structure
for interacting spin less ( either
bosonic or fermionic model ) in Id

.

While in the relativistic TL

model w and K can be

determined exactly in terms

of microscopic ,
in other int

.

models

these parameters are difficult to

couple ( can be measured experimentally )
Correlation fuucf.us and thermodynamics
-mµ,
Q - dimensionless eagles

sine tie actin is quadratic in

¢ , we can extract Epp) fm it .
First

,

introduce y
-
- HT
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in Fourier stage X. g v 9


