
Renormalization of Kondo scale

ÑsonnansRG

The Kondo Hamiltonian is siren by

H = Froshctkrcp.pt#-CP--oPecP--o.s*--ZEkC+koeko
+☒Ec+cñ)FcCk%.s→

k Fkk '

The single impurity acts as an elastic

scatterer
.
We are interested in

understanding the renormalization of

JK due to high energy modes .

Specifically , consider the term

Jctck) Peck ' ) . 8 where Kek '
K

are close to the fermi surface .



If one integrates out the wish

energy modes
,
ie

.
modes far

away from the Fermi energy ,

how does JK tenormalizesn ?

One can answer this dividing

e- s into two groups :-D 58k < D

(low energy) and D < IKKI < D +8D
Arish - enemy) and considering
second order processes where the

virtual states belong to the

high energy modern and are integrated

outta



Here are two turns that contribute.

(a) Contribution from high-energy modes

with D< Ek < DAD :

These modes are unoccupied in the

ground state .
The contribution is

Jµ⇒¢+r→ Ck , •
Jb Ctp/ Jock

,
•
s→)ks

k '

where the expectation valve { >

is taken over the high energy

modes K ' whale K
, .kz are

low - energy modes
.

Within the path integral
,
this

contribution is
.



Jk ( c- Ck , > w.lt?pCpCk',ws)sa
✗

Try Ck} wz) Tybg Cgckz , Ws) Sb)

One may use { cpck
'

, wilcylk!w

= 8py8w,÷[ 1- NFCEK 's]
i.ws - Ek '

⇒ The contribution for on-shell

terms i.er in , = Ek,
= Ekz becomes

Z C+✗ Chet Cgckz) tap o-bp.gs" Sb
"

Ez;;÷É!→



One may simplify the spin- indices

as Ta
xp ftp.ssasb

= ( oar b) ✗ g sa sb

= [Sas# i Ease TEs]
[ Sab ti Saba' s " ]

= 2 8×8 - 2 T£g Sc

⇒ The renomalized term is proportional

to :

-3? oh ,o→ckz • É[E÷
Since Ñk

,

≈ 0 and Er , ≈ D ,

the contribution to 83k from

this term is 83k ≈ IF,l8D_
where Neos is the D. Ors. attire fermi

energy .



(a) Contribution from high-energy modes

with - D . > Ik > -(DISD ) :

JK ( c- Ck' , witfp.cpcby.ws) sa
✗

C- neck , Ws) Tybg C. g Ck
'

, Wa) Sb)
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Again , following similar algebra oh
above one obtains a similar

contribution
,

85k ≈ Not 8¥ Jef .

⇒ DJK

d-g¥
= 27<2 Neo)

on
, daJ÷ = 2T£ Neo) where 8l=→



Kondo temperature and length :

-

The above RG equation seems to

indicate that JK becomes arbitrarily
large at low energies .

However
,

One can't trust the leading order RG

result when Jk becomes too large

compared to other scales . The

correct answer is that at low T ,

one obtains the result advertised

earlier that conduction e-s scatter

unitarily with the impurity spin .

The cross- over temperature
atwhich

this happens is called ' Kondo

temperature ) . To estimate this ,



we integrate the above eqn .

between JCI=o) = Jk (= bare /

Microscopic
'

interaction strength)

and JCIS>1) >> Jk .

When

6=0 , the energy scale
≈ EF

And when I >> I , the energy
scale ≈ Tk ,

the Kondo temperature .

Doing the integration
. one obtains,

J÷⇒+Ée=oT
= 2 Neo) I

@
•
=

_¥ ⇒ Tk=eréᵈ
= Ep eI¥Jk-



we notte that Tk precisely comesbonds

to the binding energy IDKI found

earlier using variational approach .

One can similarly define a

Kondo screening Iersthi

ed = 3¥ ,
a- lattice

spacing .

⇒ 3k = a ed = a e÷w¥
3

again
'

in agreement with the earlier

discussion based on the variational

ware - fn ,


