Fermi liquid theory 1

Concept of Landau's Fermi liquid theory

elementary excitations of interacting Fermions are described by almost
independent fermionic quasiparticles

state of Fermi liquid described simply by quasiparticle distribution

Phenomenological Theory by Landau

enerqgy functional:
E=FEy+) e (k)on,(k) )+ 50 Z Y foor(k, k')ono( K )on, (')
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deviation from ground state ground state distribution
6ng(k) =ng(k) —n{) (k) n{ (k) = O(kr — | E|)

spinindex o0 = +1 filled Fermi sea
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effective quasiparticle spectrum:
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density of states at €p:
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couplings:  fror (K, K') = fo(k, k') + oo’ fo(k, k)
symmetric antisymmetric
(charge) (spin)

A

spherical symmetry:  f*%(k, k') Z f"*Pi(cos By /)  Legendre Polynomials
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Landau parameters: /dz Py(z) Pr(z) =
Ff = N(er)f} charge

Ff =N(er)fff spin



Fermi liquid theory - physical properties

specific heat:  dnq(k) = nlO(T, k) — nl9(0, k)

—————
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! thermal softening 3
______ of Fermi surface 0
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ibility: kK= —= — 0és(k) = —€5(k)KO
compressibility: & Q 9y y (k) 3 o(k)Kkdp
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change of — - 2ner 14+ F§  n21+ E3
Fermi volume
M - - - (0)
spin susceptibility: X = T dés (k) = —guBH§
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spin splitting ) X = HBN(GF)

of Fermi sea 1+ Fg‘




Fermi liquid theory - Gallilel invariance

momentum shift for all particles ]Z — ]:;' + q

current density

Zv(kwna(k)
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shifted Fermi sea

"bare particle" view quasiparticle view

quasiparticle
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intrinsic consistency



Fermi liquid theory -

3SHe Fermi liquid

4 o strong short-range repulsion
g 31 Supe 1 .
° Aphase Fermi liquid
2 2 Superfluid
£ B phase Normal liguid longer-ranged attraction
' (]
0 . - superfluid
0.0001 0.001  0.01 0.1 1 10 100
Temperature (K)
pressure | m*/m | F§ | F§ | F? | k/ko | X/Xo
0 3.0 10.1 | -0.52 | 6.0 | 0.27 0.3
< Pe 0.2 94 | -0.74 | 15.7 | 0.065 24
enhanced diminished enhanced
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Hamiltonian

Microscopic considerations

= gl G, + [ @ B @)U - )8 )
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kinetic energy contact interaction
- ,,perturbation”
R2R? P
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Rayleigh-Schrodinger

perturbation theory

Fermi liquid theory

Landau parameters
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Rayleigh-Schrodinger
energy: F = E©) + E®) + E2) 4 ...

U
BO =) eing, BN = q 2 mame
k,s k., k!

E(2)=U2 Z nETnE’l(l_nE+é’T)(1_nl-c"—q’l)
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k,k',q

Distribution function Y~ — (0)
ng. =(c% cz.)=n% +0n;
characterizes unperturbed state k s < k 8> +
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Rayleigh-Schrodinger — ni, = (€%, 8¢,) =n{) +6n;,
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Fermi sea Z; /
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2 —
K=k -k cutoff J@q -1 Kcosf—gq
= P -1
K=|k'—k|<2p Qc~ 1 - @ K
interaction | = (27)2 J, dg ¢qln TTK
range
2 2
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(27!')2 Qc+ 2K ln QC+K

Fermi sea E !

2mQ, K?2 K*
~ =Ty {I‘Q_zw(@_z)} K <Q.

2k g weak K-dependence

A
v
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Rayleigh-Schrodinger E=E© + EQW 4+ E@) 4 ...
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ér(k) =€y - Bl T Ao - : - -
GT( ) k+Qanl 02 Z e’-c*-|—€,-$,—€k‘+qo—€f‘;;_q‘



Fermi liquid theory Microscopic considerations 16

ng, =g, N, =g 21 g (ke — Fr)
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Landau parameters:

Microscopic considerations

foo! (0) =
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Landau parameters:

Microscopic consi

cos @

foo! (0) =
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derations 22
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fs’a(k,k')=
8,a Féz:
N(er)f;”
P =i

—ﬁ{1+ﬁ(1—§(1—ln2))}

2
25(71112 —1)=0514%*>0

repulsive interaction

=&{1+&(1+%(2+1n2)} = i+ 1.449 %% > 0

i —0.895 42 < 0
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%t =UN(er) >0 repulsive interaction

1
F§='&,{1+&(1+6(2+1n2)}=1’1+1.4491’22>0

o
e
“

—1’2{1+ﬁ(1—§(1—1n2))}=—1'2—0.895'&2<0

2
Ff = 1'22—5(71112 —1)=0.5144%* >0

1 1
K m* 1 x _m* 1 m* 1
— <1 — > 1 =14+ -F>1
Ko m 1+ F3 X0 m 1+ F§ m 371
I - more spin higher
€SS compressioble polarizable effective mass
a1

ferromagnetism
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distribution function

ground state  |¥) = |[T@) 4 |T®) 4 ...

[T (@) = |Tg)
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distribution function

(Ag) = (RE)O+(Ag )P+ (Rg,)O =6(kr —|F])
(U2 (1-ng )1-—ng )ng .
s Z (€*+€"1 — €z —2 s )326k+k3,k1+k2 |k|<kF
ki,ko, ks @ ® k3 k1
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3-dimensional Fermigas

(Rgp ) — (g )=1- (UNz(EF))zm
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distribution function
(A =(Rg) O+ (A )P+ (Ag,)O =6(kr—|E|)

— 1
— quasiparticle

kr k kr k
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2
Landau parameters  f . (kr,kR) = U—XO(kF k%)

" 2
Foo ki, K) = U — U— (2%0 (ks + ki) — xo(kr — Ki)}
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q=0,+2kp \ r |
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faa( _kFa::kF) = &0

faa(kFa :kF) = OO

breakdown of perturbation approach !
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distribution function
(A =(Rg) O+ (A )P+ (Ag,)O =6(kr—|E|)
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1-dimensional Fermigas hon-perturbative
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distribution function

Rz )=(Rz )0+ (R )P +.-  (Rg)O=0(kr—|k])
1 U2 ko R non-perturbative

872 h2’012;1 lnk—kF k>kF 1 <nl_c.s> l

(75,0 ~

1 U? k_ :

_871'2 h2v%‘ lnkF > k<kp i
1-dimensional Fermigas kr k

1t (7 g,

no quasiparticle

weight TOmonaga
) .
Z=0 " not a Fermi liquid Luttinger

liquid
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Tomonaga-Luttinger liquid
t (T g4) no quasiparticles

. 5

Fermi liquid behavior disappears

excitations:
collective modes (bosonization of Fermions)

k
separation of charge and spin excitations

HHHH
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