bbb ast . Opscator idonhhio mstfl fo- Bosonization il

L Boker- thucotoff © Lefie [P 8), = [[8.8], 8] act ] -4

fow o %0c® - Z wola, sl Q)

seR)
LL‘;*. %ﬁfwt m@wm A4y = e %Bge 8 Gn T%

A pans s, ot purlaok His genm af s =)

z. Suﬂ:m C=1ARY amatspp ([AC] =1[8CT] =0 Aoy Hox

(1) e_-’& A QS P z.(l'(i) el]- @,8 - e 4—+Bec/z
i) P fayet = flarey @) ee® sefe’e®
."L‘Lfsi G) gwbr-[ﬁm% H2
(&) T,‘W—Mfyux -F(A), /j‘;’kﬂ{ A km««.,{/n w e fon,
. A
(i) Lofe  TC) = e e’" (seR)
colondok c%T_fs)=.?  awdl sbow Hak Ho solubion
S
4;%"4 a&f 7;«4_51::4 o 16) = e 54 75) es i

3, Aﬁr/’m [4,8) = DB ot [AD] =[R,D] = o
) Ahow Kot fa)s = BEG+D)
ot o Taglor- tmpecd, wodichim !




he 36) 4o sboes Mot H3

3clii) &g & = gag'fb

. n A4 _
3 Liii) e,'q B = (B e‘D) e Vik: 3, induecho. !
D
2.v) eﬂ e 8 = @(B e ) e/q Hinf: h{)aw( eB ) woe 3(ii)

L. P»nw(. ',’{..L ‘dew K héo ¢

() 1o F({Lai) = f(1 Io’Lﬂ - Sy oci; (x) 1) Yelo)

. R . t ¢ *
H-u,,'f" s We 3(1) , M/L n = l)i,l— 511 041/()‘), R = '%l[x)

@ f(Thy - o) - e TR, ). B

4 .
Wit we 20y, with A = bgy B = ig k)

§. Cled Hot Ha /&UWLS“}W“‘ "'Mfyz Hh
LY [ 4. *

B = Fam e RO TR

nlfm)duw He anfi- covn. ehahiono Z‘fl(l), ’(.L (x1) §

= O

i(.l(n)) Z(/,I (z')g = §ﬂ'w’5&4')

. Opara/&v Povdisct Z”'()Mf;b“-
fhas flut V{(Ha) () 22 ok id 4tk
whae T = Trix . it : fm? monwef oo, How fude @~ o.

b()  icae /fé-wouc WMMM o’{ ¥
6i) v Amone " '




Lecture ITTI - Odds and Ends ) |
_lkla - cha -

Original fermion field - p T e e ki
(with finite bandwidth for k, 1'l/"l (2) y (S ®
i.e. for energy of particles or holes)
Boson field L? W = - 2 e e A Bf«'l. @)
(with finite bandwidth for q, 1 i)o
i.e. for energy of particle-excitations)
. L @ A CigT a0 gy
Id .
Define new fermion fie »h(x) : F'L p\ 1(1) e 'l e 'l

(with finite bandwidth for q, via phi): b 7
LAl o iny-")x
—

> | for Lo

1. Eq. (3) does not require a cutoff (we may set a = 0), because exponentials on RHS are

normal ordered: N . ¢ ‘0 () 1 =
NTe "™ oWy = |

=1 =

Comments:

ced
2. For @_=o we have an operator identity between new and old fields: 'lf',l (x) = ﬁlex)

a

3. For @ # © , the new field "{’( 3(;«-) is not identically equal to old field 'LS/ ()
Their long-distance behavior is the same (this is what we are interested in), 1
but short-distance behavior on scale of a is different (we don't care about it anyway).

4. Advantage of @ #0: two exponentials factors can be combined (unnormal-ordered).

1. Unnormal-ordering the bosonic exponentials 2,
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2. Popular (but "dangerous") notation (T do not recommend using it, but you should know about it) 3
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What went wrong?

Theorem: If Xand Y are conjugate operators, meaning [X, Y] =1, and the spectrum of X
is the set of discrete integers, then X is hermitian only in the space of states produced by acting
on a reference state by periodic functions of Y, in other words, functions of exp(i¥) .

But: (11) contains states not periodic in theta, namelyé [ &}17 so N is nhot hermitian!
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4. Bosonizing linearized kinetic Hamiltonian ~ (suppressindex ¥ below) Up =1 5

Linearized fermionic d x . G
kinetic Hamiltonian: H, = E Ric \evL('b-"\,* ) k> Adn-72) )
Energy of N-particle " N
ground state [N ), : 7 -7) for N2o . « N2e
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6. Using bosonization to calculate fermion correlators

~ t A ol
Theorem: for free boson Hamiltonian H = % “i kiki ot B = %:\L(AL + 12‘;1’3

ground state or thermal expectation values of exponentials of bosons satisfy
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Bosonize fermion correlator:
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7. Vertex operators: general exponentials of boson fields 3
see (2.2)

Definition of b . 1 9
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8. Kinetic energy in position space (spinless electrons, L / R) 9

€&
(1 ) _ - ~
fermionic description: Y/./ x)(l'_?t IL/..?- g o ~ihx o ki = Fue ) (1)
(mathematical L-movers) (mathematical L / R -movers)
D < = « ‘
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9. Electron-electron interactions
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