Lecture IT - Bosonization Identity A};o €r =k

Summary: lecture I -fermions

« -3 cx foe l\® €F=o/
Y = e 't Y, 6 1-&? Y (-») ® AN I

Plegs R AN /0 Rk
5 lkla ko , ! ~, J
1'l)vl(i!) = aAt X e” e " chlz > ‘
k /
. t
D= EL_E , k = &, (n—/z), neZ f_c_hvllch.‘l,( :Shh'g‘[‘[' (%)
smeared S‘(z) —ﬁb-
{ (x) ' (z‘)i = S 1 2% S(ﬁ' ») & :SLiiuon 1':La 2 66—
I'f.L L Wy 11 “ = -
b 2 ' -
+ lD) = o nh= o
- Z,v k c Ch1
H “ ¢ k,,chL ® u S = o ® —
= bix ' (G+I)/L
VoS by e” P
< T qftlz) q:l' (0) ) = '.’\;— A\M.L\,[-TI_L(% +0'a.)] Sbl;z 2z +&o (8)
Summary: lecture I -bosons 2
~ x ¢ 20
d, - % » Cly Cuq 3 © 7 [V b ] N1 L,n] =0 ®
by - =T " \D o
42 JTf, R k-1,.1ckvl/ @ [ 1,'[ ] = [11, T"I:] =0 ®
b, = — b c;Jr
91 Jn_,i/' b h*w"lch"l, ® ‘_;('3 [\o“,‘)nl] = Sn.su‘, @
- a¢/ - (g%
e =-i2>°e, Vees e ‘am , @ §=aung ocn e Z (@)
]
?‘lb‘) = T;l(k) ¥+ (le-(;) , (‘i) ﬁ‘l()‘) = :Y’.L()‘) zfz()‘))t = AL M‘L + b)f¢ (19)
8,00

[Lf(x)l,f"(x')] (0} [<#(r), '}x'¢(")] = 2r¢ [ Sa(z) - IZ'] (12 _A_

= '61,[& A (z-»'- ia)] Ea(x)

[9‘(:), tf(x‘)] = o g lx) D jIC




Derivation of bosonization identity

Outline

1. Bosonic reorganization of Fock space l i nk-l{ € §Ollg > & h\) ) { wm

Fﬂm = IN 4+
FINY = IN-0D)

2. Number ladder operators - “Klein factors" F

3. Bosonic coherent states t)tl—f IND, = 0(1, i IN D,

6. Action of fermion field on general N-particle state ¥ I\))

\i

holds for general state, hence we have operator identity '\-[/

3

mi €ol.., S

S ol
5. Action of fermion field on N-particle ground state 11N>, = e ¥ % L EAIND
= @ —‘.?

_ip oot
Fle ‘fe. Y INY)

.'.

Fae ‘Pp Y

II.1 Bosonic reorggnization ¢f Fock=spa s
= 1, ..., I J = & %..

Fermionic Fock space ¥
b e 1 b

Hilbey\_f‘s;a@’ewyithfikéd)par‘ricle numipgr

R N, N2 Nu Z
,“ 7, = lN,, v Ny = (C,) (Cv_) (CM) l@e%igrour@ém're

N-particle ground state: -
pricegrond st Byl laen
}J 'L N ~( aee C‘ N > ©
1t Nl 1 1 . 2 &
- s S g P =
[ for Ny=o (3 n=e"F%" o
. e
”"H"l CN‘!"""L C°1 N'L‘o ;; :; ® :5 s
M=z2: 7/;- l 3 y=t 2
T ) X
5, IN 7, =o (%)
1 o= (%
Each l'l, y O
has no particle-hole ;; 2 =D
excitations, and hence~ Zc k"ic R &

acts as vacuum-state
for boson operators:




Completeness - F£(6" IN @

Every N-particle state can be [ o>
o

written i.t.0. p-h excitations ¢ IR ¢
acting on N-particle ground state ;fD Q3G 3 Gra_, o,(q_z
ample for M=T a,,) ~ | = = g 3 «——n-; + #
) @éﬁ“ g o i & & % 3;5
)D’:L [ J c4c . auo( IIVfce vesrsa ‘
Intuitive reason for (2): is a lineas combination of
{3 o a.ah‘v ™M N pX Ap . f(;/' 4 (3
= s MW Wy, Wyed mpe,} IR md) = Toir (b Vi
PV Jogd, Wy ek mpenly s NG T Gt B )
@®
= SPaqi ,{nhvli>1 V\h‘lé{o',.gg G)
- — gH
-BH S
T'}[& f f]= Ze = 2y =7:J¢ ¢ ) (e
Formal proof: Haldane, 1981; vDS, App. B
IT.2 Number Iadcge;e;’oéerafors - "KNh(n, feetd&i't I Q)]
o . h I without affecting structure
Klenrr_-fa[:I%B = [-2) changes F (oi_ 6y = of ﬁgrhc)s—hale E;gcﬁa’ttﬁpas!
Example & )
for NE=1: /V‘*l/"‘ = A = /vi‘-.!""
b4 > b4
§ B
(.. 010
o — ¢ A <
R =+ Y i + N = t N
Definitiondf, | |7 = §F, f (l;,),,L\T\\e}by-ggﬁmﬁ&k ) CN-,,’:" N, = (&) T.llNiLLZ,
dhtign of ot F U.2) ®)
arbitrary stafle in 1 — g Ne "
. s (c,)...,(Cp - ) 18D
= — b= 0 C&-S.)
—r;" ( D) 73! 1 1 S

~

£

\Yd
N

c:’,ﬂ . c"LB
fermionic phase factor:

+ " ~
(1}=22 T e, bRt

Equivalent definition:




Commutation relations involving Klein factors 7
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Properties of eigenstates of boson annihilation operators ("boson coherent states") q
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IT. V Action of fermion field on N-particle ground state n
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