
- Defined dual field by Jill = - IT = -12+9

↳ From 2+11×+1 = 2+4+1×-41 -12+4-1×+4 = -☒ 2×4+1 ✗ - vt )

1- v24 - (✗ - v4
,
we get

3.✗ I = 2×14+-01 - ) → U=§+-o#\ up
to an irrelevant

integration constant

→ [UK ) , flip] =
i It

,
since 2× EICH ion ] =

t

Def. I

= - [117×1,941] = is lx - y ) .

✓

↳ 4
,

= Its +V1
,
4- = Ell -v ) .

• Back to expressing fermionic creation operators
in terms

ii. I'd> 11TH
= A e-

iRICH

of Bose fields : 4- txy = Ae → ,

III. I



Where A must commute with f.

- To construct fermionic operation for right ( left)
movers

,

we can only use bosonic fields that depend on

lx - v14 ((✗ + v14 ) . With 201-1--1 +I , 2¢- = f-
I

,
we arrive

,

4-+1×1 - A - did
d- Cx)

at the aerate : 4++1×1 = A
+

éi " $+4
.

- The remaining
"

parameters
" At

,
A -112 must be chosen such

that the fermionic operators obey the algebra

{ TECH ,
YEAH } = See , Six -✗y

{ Yeah ,
Yei 1×47 =

0
,
1,11=-1

a

From 4,1×1%+191 d-
- 4%1%+04

,
we can

determine R :



- in lfcx ) +ICM )
e-
intent -01811

4*+1×14++1,1 ~ e =

r
- t- - - - - i

!eAeB= d-
+ Bet# ' B) if IAB ] number

'

l - - -- I

eiI.LY#-H-!I+Le-EltsKiIGY+t0KhsonTj=iIEsgncx-y
)

e.

A -1113
e

4++414++1×1 =
. -

= e.

1- + B e-
i # sgncx -91

→ 4×+1×14++19 , = YI ,, , y , ,× , e-
insane-91

→ e±iÑ_! -1 → Ñ=iT

→ |Y+%y=A+e-ir*¢t"4;ytµg=A.eit¥&_#



B. 2. b Constructive Bo sanitation

qitifowin-w-ewiT-morewlyde-r.net#-T ?\ iliff deal
where a is a

short - distance

Ye 1×1 = ¥7m Yee , cutoff , and ye are the fermionic
i\ Klein factors that satisfy

{21%1}--2 Jeri and commute
with S !j

1-
-
-
--

-
-
- -

--

• starting point : Particle
- hole excitations described by Fourier

components of the particle density : 9µg
= { Celia ce ,k+q ,

1=-1

- To avoid/control anphysical effects of extending the
linearized

spectrum of the Tominaga -
Lattinyer Hamiltonian

( see B. b. 1)

beyond the cutoff I , we introduce
the truncation operators

Week = {^ for Eea
c- Edit] .

0 otherwise
.



and the truncated density components

§e,q = { Week We
, keg Cetikce , ktq ,

1k

which obey the commutation
relations ( see Exercise 5.1)

for energies /temperatures

t5e.qi5eiii3-lSeieiS9ioiET@g.Y.ns.Yj.t"" ^ .

Formally generally valid

• Bose operators and their representation in Fock space

bq=÷M¥, { 0-1191%9 ,
bat __÷m÷, { 0-491%-9 ,

where 9--02
e-- If e-- I

II.PIETY:

satisfy tbq,bÉ=Sqii,tbab9']-)



- Physical interpretation : For q > o bq lowers the wave
- vector K of

all right -movers by 9 , if K-9
is an empty state .

b
- q

acts similarly
on left - movers .

→ bq ( bat ) annihilate (create) electron-hole pain
and conserve the

number Ne of particles on branch 1 .

- Fock space for 1=-1 branch ( analogous for 1=-1

↳ Let IN+=o? be the Fermi - sea with all Keke occupied and all K> ke

empty .

↳ Tn IN-1=12 ( IN+ =D. ) also the first ( first two )
momenta above ↳ are

occupied .

↳ like -17 . ( IN-1=-23. ) results from IN-i-D.by removing
He energetically

highest ( two highest particles from
the Fermi sea

.

A

0Schematically
Tk

iii. - -1¥¥4 -

.
.

•
-
-

- -

Ini. -Do :: IN-i%•• We-17 •



↳ A complete basis in Fock space of right - movers is then given by
N-1=01 IT , -12 ,

.
.

.

/ Nt , {ma }q > o>
= IT (bat )

ma

q >o#
\ N+% 1 my

= 0,1 , 2 , . .
-
.

- By analogy for the
"

l -- -
" branch

,
the analogous basis reads

IN- I { mq } go .> = it
( bat )
"

9<0#
IN-2

- Combining the two branches , a complete basis in Fock space is given by

Ne = 01+-71+-2 , . - , f-IIN-yN-ilm.lt?--1gT+oltI!m?-IN-iir-#-fthq--Oc1c2i- - -
-


