
Heavy fermions and Kondo lattices
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General aspects :
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- targe effective mass . and small 2

- ARPES hard despite large D-05. at EF
C related to small 2)

- Often proximity to a quantum critical

point with non- fermi liquid behavior

in the quantum critical regime .



Mean- field solution to the Kondo

lattice model in the heavy fermion phase.

Consider the Kondo lattice model :
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Let's represent spins Pr in terms of

spin-112 spinous Cpartons] ?

Jr = fat is fr where

fr = [fr↑] is a two component
frtr

(fermionic) spinor
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In terms of f , the Kondo interaction

term is ¥ % ftra tap fries dry tasers2-

Using offs tag = 28ns Spy -Sap Snes
.

the interaction becomes
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absorbed in the chemical

potential
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Within path- integral . the action is
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Where do is the Lagrange multiplier

that enforces Zftf =L .

o o r

crucially , one mus allow Uo to

be a fluctuating field i.
e. do

= aocr ,z) and therefore it iaets

like the time - component of a

Uci gueye field .

'
f
'

carries

goose charge +1 of this gauge

field while '
c
' is uncharged

under this garage field . If spinous

Acquire a kinetic energy
term which

will

generically be automatically
generated ) , then the spatial

component of will also



appear in the action as f-rfrieia?"

for now , we ignore the kinetic

energy of spinous as
its not

important deep in the heavy fermi

liquid phase .

In addition , one can write down the

kinetic
energy for

the grease field

itself Sdesddr k¥?

The action is invariant under
the

following transformations =

global : UCI) charge conservation

correspondingto E-M fields = c.→ eitc .

SUCH spin rotation : ↳Uc ,
5-→ US .
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gauge , f- → g- eiocr.es
redundancy do→ do +2=0

arr , → eicor - Or ,)
✓

In the heavy fermi liquid phase .

{ c-
rd find> forms a Higgs condensate

and therefore the gauge field is

Sapped out . One can describe such

a phase within the following mean
- field :
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where { ftp.yfpyy =L ←
constrained imposed

only on average.

and V = ¥ { ctrr fro the .>
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⇒ Hour. =§ᵈ-nostro] hk [ §:]
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]- v Mf
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lets determine V self - consistently :

V = ¥ { ctrfrrthac .>

= -1¥ §, < ctrrfkrth.cn>
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where Ey B the ground state

energy . Let's assume number of

local moments = Ns Eno . of sites?

No . of conduction electrons = Nc < Ns .

In this situation ,
the lower band

will be partially filled , and

the upper hand will be completely
⇐epmpty .



⇒ v =
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( compare with the expression for

the c.binding energy
' in single

impurity problem)



Heaviness of the bands :

-

Density of state at the

fermi level NCEF)

= fddk 8CEf - EE)

for Epi close to Ep (≈ Mf)

EE ≈ µf - v2

toes
⇒ NLEF) ≈ HE peed 8 (EF -µf +V2
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where Pcce) is tire density of states
of the non - interacting conduction

e-s . Approximating Ef oh ,
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⇒ NCE e) ≈ Sdepcce)8[¥,µ%÷⇒
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[Eckf) would be typically of the
-ref I

order of the band- width of the

non-interacting e- s . Gets denote it as t)

⇒ NCE f) ≈ Pc CERF) ¥-7> Petard .
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Quasi particle residue 2 ?

Following Fermi - liquid arguments ,

one expects that % ~ M_ n V2
m* F-

~ ÉEFJk ⇐ 1 .
Let's show this explicitly .

Residue % is defined as the strength

of the pole in the Green's fh at

the fermi -

energy :
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where Glkiiw) is the Fourier

transform of { cckez) ctck ,e=o)> •



Recall the mean- field Hamiltonian

derived above :

Hmp =%ᵗk. star] hk [ §!]Kr

where hk = [Ek ji ,]- v

One may diagonalize
'
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unitary matrix Un =[look sinok
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Solving for coscok) one finds ,

coat Ok ≈ I - v1
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⇒ sinzok ≈ v2
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The Green's for B then given by ,
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Since the fermi energy lies in the

Ebi band .

% = sina.br ≈ v1
+2

E=-_M_ & 1 .
m*


