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Single-impurity Kondo problem |
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Single-impurity Kondo problem I

The simplest model: s-d exchange model (Vonsovsky 1946)

Z :_} 5 5
— I Sf A) [ Si — =X +O_(m’cm

At AFM [ (I < 0) for one impurity: perturbation theory in [ 7s divergent
(Kondo 1964); a formation of Suhl-Abrikosov resonance (1965). At
low temperatures: singlet ground state (Anderson — Hamann — Yuval 1970

and local Fermi liquid theory (Nozieres 1974)

F Kondo resonance s

single occupied
diflewvel

T T T
_— T>>T 7

_— Te<T, T

2Ny~ Ty

double occupied
dif-level

Energy (eV)

To be specific; this is valid for .§ = 7/2 (# number of scattering
channels); for § > 7/2 undercompensated regime (§ — § — 7/2)
For § < n/2 overcompensated regime and NFL behavior (Blandin
and Nozieres, 1980)

Exact solution (Wiegmann 1980; Andrei 1980, and further work)



Poor man’s scaling: Idea

A poor man's derivation of scaling laws for the A single-site scattering theory:

Kondo problem
T(CU) = Vinl + V;nl GO(w) T(O))

To cite this article: P W Anderson 1970 J. Phys. C: Solid State Phys. 3 2436

Interaction: anisotropic s-d exchange J

V;nt =7 (S+S— + S—S-*-) + JzSzSz

coupling T2

Truncation of unperturbed Hamiltonian

and thus base Green’s function Ef + E,
‘%ﬁo — Z €1,
€. = EF - Ec

Exact Green’s function and T-matrix: G =Gy + G, TGy



Poor man’s scaling: Idea |l
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E, to E, — AE, AE < E,

Changing cutoff E_

M

E,>¢€, > E, — AE projection operator P,y
projects on to states containing one or more such particles

T — V —+ VPAEG(]T + V(l — P&E) GOT
T — Vr+ Vr(l — PﬁE) GOT

(approximate, small 1) dV = VP, G,V



Poor man’s scaling: Idea Il

For our model (anisotropic s-d exchange model):

le.|<E —AE |6, <E —AE E >lg|>E —AE {
dV =
klvzai k;Zﬂ'z ;g 0 — EC - 'lel

J
X [(Cl-;;czcka) (C;c:rckla'l) {a_jf (S+(S’")Ia;a + S—(S—F)aza) + JzSz(Sz)aza}
J J:t J+
+(S )o-ak + S (S-F)crm) + J S( )acn + Clo'ckzagci o'xcia' ‘“2_ +(5-)acrz

+ S—(S+]a'd'z) + JzSz(Sz)aaz} {'_]_—; (S+(S—)f110‘ + S"(S ]G'J.f’ + J S 0'10}:'

Simplifications for § = Vz:

__PAE + { (J_%—* J_j) _JE50500,
V=12 L o-F e, [C’°2°2C"”" % (g T 16 2

k 61k2 0'2('0 -

72 JZ) . J%5.(5)s.0,
2

Z(S+(S-')O'20’1 + S._(S+)a;crl)} + CI&;O‘ZCIIGI {5"1“2 (gi + l_é

f(s+(s,.>m)ﬂ. (10)



Poor man’s scaling: Idea IV

Shift of the ground-state energy

B (7.0 (JipV) <2E —w— A) j (J,0)? (Jipf)
A(Eg) - J\Ec dE ( 8 + #Z“'““ ]n “E“““_“a)'"";z 11'12 Ec (‘"8‘_‘“ “"';i‘__" dE.

dV__ P Z
AE o —E.+ AE), 5

Ligihr0,
JiJ,
— _"3_ (S+(S—)aza'1 T S“"(S"')O‘zdx)}'

Cgazchlal {— Jzi Sz(sz)ﬂzﬂ‘i

dJ = — P — __.le
+
Pass to the differential equations: dE o —E + A
dJ
= 4 - J s
dEc w — Ec + A



Poor man’s scaling: Idea V

Solution of the equations J? — J i_ = const

<0

fm Kondo afm Kondo

-0 0 Ol
2/, p

FM (] > 0): effective coupling constant tends to zero, nothing interesting

AFM (J < 0): effective coupling constant dzverges at
wo = —A0) — EJexp (—1/pJo) = —A(0) — Eg

We cannot say what happens in the strong-coupling regime but we can

find “Kondo energy”, i.e. the border of strong-coupling regime



Two-level states in metallic glasses

Scaling consideration of a generalized anisotropic s—d exchange
model for the interaction of electrons with two-level systems Physics Letters A 213 (1996) 65-68

V.Yu. Irkhin ?, M.L. Katsnelson ?, A.V. Trefilov °

Atoms in double-well potentials in metallic glasses
or highly anharmonic crystals

\/ N . JT effect
Y A

coordinate

energy

=kchonk shie2 (FES )

= + — ﬁ a .+ i ety
H= ZEk'rck'er‘r Z Iaﬁ Sqal'f'ckrck—q,f' (1)
kT kqrt’

=kchonk sk 1 (FES 1)

peeube JT effect

where ¢, are the creation operators for the conduc-
tion electrons with quasimomentum k and pseu- il .
dospin projection 7= 1, the energy E, is referred

to Ep. The interaction Hamiltonian is taken for
simplicity in the contact form, o are the Pauli
matrices, I, is the coupling parameter matrix. Fol-

=kchonk shiez (FESZ)

=kchonk sk 1 (FES 1)

Crossing bands (dynamic Jahn-Teller

Spin up — atom left, spin down — atom right cffect)



Two-level states in metallic glasses Il

General equations of poor man’s scaling —

— ef _ef
ag €ray Ef-tﬁA Bap 8Eya

f = In | W/EI W 1s the cutoft parameter gg’ﬁ =p -jlﬁ
p being the electron density of states at Ep

I I z ﬁ I = I I xB |, I Iy B I ~ € where € is an overlap parameter which is exponen-

tially small in the barrier height factor.

Solution of the equations dn = 2 g;]; d§¢  Tobe specific, §yy 2 0
85 = 8., cosh n— g sinh 7,
g =g. coshm—g,  sinh 7,
8= 8,: cosh n+g. sinh 7,
g =g, coshmn+g,  sinh 7,



Two-level states in metallic glasses IlI
2
(3;2) = gfy + A sinh 21 + 3@ *(cosh 29— 1)

Total cross section Y | ngﬂ( &) | * = const + 3| gify( £)1°
af

A=gx:8:x—_8.rxgzz’ 7 d'rljF

2 2 4,2 2 \!/? ‘f_-]_[
a=2(gx_r+8;;+8xz+83x) ? 0 lg;ﬁ:(n’)l
=2(3§x +g§z)l/2 +0(¢).

“Kondo temperature” (strong-coupling region) 1s determined
by the condition

§(n— ) =In(W/Ty)



Two-level states in
|IIBL|I)’Bl « |1Zﬁ]

Allows to solve egs. explicitly

‘y)l/a

Resistivity

Tk = W(3

Ap(T) ~f(T)

_@UT) +4e(T)[1 + ¢*(T)] A/a?

) [1-e2(D)]’

o(T) = (T/T)"

Contrary to simple Kondo
problem can be nonmonotonous

metallic glasses IV

|+ 572 exp(2af)

1 -y’ exp(2af)
1y exp(af)

I — 1y exp(2af)

cosh n=

0.0004
0.0002
\/"’"— (% )
K
-0.0004

Fig. 1. A(T) versus log(T /T ) fora =03, A /a?® = —0.01.
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Interaction with local excitations

Interaction of Conduction Electrons with Local Excitations

The Infrared Divergencies Z. Phys. B - Condensed Matter 70, 371-378 (1988)

V.Yu. Irkhin and MLIL Katsnelson
Institute of Metal Physics, Sverdlovsk, USSR

Crystal-Field Splitting excitations

2. The Interaction with Local Pseudospin: (e.g. 4f elements)
The Singularities at £ —» Ep+ A
Nondegenerate electron bands

H= Z &k le c.— A7+ Jd-sc t ¢ s*are the 1/2-pseudospin operators

6 ZH(E)= <SZ>J+J Z( ;Z-M E—{q—A)

—A[
+ 4

Second-order perturbation
results for the electron self-

cnergy where f,=f(g,) is the Fermi distribution function, p
is the density of states on the Fermi level,

(2)

Lyt pmlff
2 £

2{s*>y=n,—n._ =tanh—2A—Tz1 (4> T)



Interaction with local excitations Il

0 _ Average over electron states
G (E) =<l e yop=—1 j dte " {{eg, cp ()} >e  but not on pseudospin — operator
in pseudospin states!
E - 8]{ E - 8]{ E - 8]{’

Separating log divergences in perturbation expansion at

E=In|A/(eF A)| = + 0

(E— &) Gy (E)= i + <L -8) cl €5 >
!<<(J S)CIC >>E}s1ng“1{2‘l+ <<S quc >>E}sing

FLIT{> (E—eg, 74!

pqr

) <<C;- chr(JiSszzS-l-)lck >>Ejsmg
= +3UT I T T S) p

— &




Interaction with local excitations Il|

Equations Solution
¥ +
djef:ipjjf z, dJe":Q) (JZ)? +JEJc=J5=const (J,>0)
dé d¢
dJe - exp(FJopl)—K Jo—J*
=FipJta 2 = 0 — FJ,, K="-2
g~ P = b (FlopH 1K T Jo+J?
. . 4J5K exp(FJop &)
Always weak coupling regime! B -0
g PIRE TS T [exp(FJop )+ KT
A e T Allor Logarithmic singularity weakens to
In e T A' T the (positive) power-law




Interaction with local phonons

(the same paper) szﬁkclf Ck+a)0b+ b+Q(x)c+c,
k

x=(2Mwo)~(b* +b) O(x)=A(b* +b)+ub* +b)*+....

Dispersionless (local) phonon, anharmonic coupling

£—

Perturbative (well-known) result: SXP(E)y=A*pIn -
£+

The same procedure: Green’s finction average on electron but 7ot
on phonon operators (operator in phonon space)

Operator structure of T-matrix

T(E\=A(E)+ L (E)Yb"+L_(EYb+M_ _(E)b*
+2M, _(EVb b+ M, (BY(b*)* +....



Interaction with local phonons I

The equations of motion give to order x*(b~ =b)

(E— &) G (E)
=y +<KQ(X) cled D,
{((Q(x) C|Cﬁt>>£}sing= j~{Z<<b$ qucl:_’>>E}sing

=FAD (E—egFwp) ™
- Z<q<0{f CqCe[A+2u(b™ +b)]|64 DD psing
A
- [;2+(b+ +B)QuA+ 3y [(E—g,) "
—(E—&w—8q+ep)" 1])]}si:g(E_8k’)_ K
Within this approximation # 1§ unrenormalized
L. (Ey=L_(EY=Ai (E)=L(E)



Interaction with local phonons Il|

dL

Eé—z $2pL(L2R+ﬂ), &E— in

where

R=Re#, A=) (Ep—e,+i0)"'=R—~inp.

P

E=Inlwe/(e + wg)|

Solution: [2(6)= A2 u[(JPR+p) exp(+4 up&)—A1*R]71

We consider explicitly the case where ¢ > —w, (the
results for ¢ —» w, differ in the change R— —R, u—
— u only). According to (23) three types of effective
interaction behaviour are possible

(ii) R<0, u>0. There exists a stable fixed point
L*=(—p/R)'". (26)

Since L* ~ k here we do not reach the strong coupling
region either. This case is similar to the large number
of scattering channels limit in the Kondo problem

(i) R<0, u<0 or R=0, u< —A*R. The effective in-
teraction tends to zero:

PRI
/12R+u)

E—Ep+ g} 2

)

L(E)x(

(25)

(iti) R>0, u> —A*R. The quantity L becomes infi-
nite at the point & =In(w,/T*), the encrgy

1 AR
T*=(DO pr(—mln AZ;{—“)

@\ 1idup
:mo(t + R) 27)

being the boundary of the strong coupling region.
It plays the role of the Kondo temperature.



Interaction with local phonons IV

.. . . _ T
Conditions of strong-coupling regime E—Er—w,, R>0, pu>—-4"R

: : cq or at
Singularity on one side is much stronger

than on the other (check by STM?!) E—>Eg+w,, R<0, u<AA*R.

5. The Infrared Singularities + 4
in the Local Excitation Green’s Function. D(w)={<B|B >>co > B=s",b

The Orthogonality Catastrophe

B Ettective splitting
D(w)= —Er*[Eg—w—il(w)] "
Ag=AAEY  B=3(.p)

[@)=7 1Y, (he =) (e —a +)
kk'

Ground-state energy

z—z—a).fipz
— 1 B
a=(J?p)* For phonons a=4(A%R+ p)*p* 06 = 2 A (A/EF)



Kondo effect and spin dynamics

Kondo effect, spin dynamics and magnetism in anomalous rare earth
and actinide compounds

V. Yu. Irkhin and MLL Katsnelson Z. PhyS B — Condensed Matter 75, 67-76 (1989)

Institute of Metal Physics, Sverdlovsk, USSR

H - HO+HSf5 HO = ZSKC:GCkG+Hf Hfz _ZJqSMqu
ko

q

I Z S, o No need to add intersite exchange by hand,
kqap Tap 0 Cx + a2 Ckp it arises in the model (RKKY) — but convenient!

Electron Green’s function — equation of motion (EOM) approach

Cewrlenryp = [E— e —Zi(E)]™" (ImE > 0)
the equations of motion
EQAIBYe = ({4, B} ) + ([4, H]1|B ).
ECAIBYg = {4, B} ) + {A|[H, B] )¢

we derive

Z(E) =17 Zﬁ((aﬂis-—qck +qpl0at SpCu + pa VE
qpa



Kondo effect and spin dynamics Il

Treating spin-dynamics exacrly, representation of exact (multispin) eigenstates of Hy | 7>

= ;(Sg)mnX"m,

= |n) {ml, Hylm) = &,|m)

To second order in I

Using the transformations
1 ‘}0 dw
£+, —Ey+i0

S 21
i 1

5y NE) =1y

pqof
mn

<{(6Tﬁs—q )manka+qﬁvaaTSpCl:-+qoc}>

X - .
e—~w+10 w+¢,—¢g,+10

)3

mn

E—giqte,—¢

(5% gJmn X™

w+E,—¢&,

m

O'-—-:B

telmf SEI

(1)



Kondo effect and spin dynamics I

where f, =f(¢,) is the Fermi function,

SIPE) =312 Y | do g (o)

q —® /q(w)=Zwm|(sa)mn|25(w+£n_8m)
1 — £ (w,, are the Gibbs factors) is the spectral density
% ( fk +q 4 fk +9q m |
E— Ek4q W E— Egyq T W (82,08 = | dwe' ¢ (o).

o0

In PM phase, no “Kondo” (logarithmically divergent) contributions to the self-energy

Kondo contributions to the self-energy

SLIE) = I? Z z(E—sk+q+ g, —&,) !
pgof mn
. The answer
X {<Ck+ptxck+qﬁ[aaTSps(aTBS—q)manm],\/

oo fk
~ ImdEN(E) = 12n13p | dw 9 F.(w)
+1fiiq )3 (B =8 yptén — &) ' ) ”‘j’*’ ;E_gkﬂl_w !

m'n’
Without spin-dynamics it gives exactly

X o158 _ g hn X, 05, S the original (Kondo) logarithmically divergent

‘]“P]

‘p contribution in the third-order in |
X (aaTSp)n‘m’an >} !



Kondo effect and spin dynamics IV

S(S+1) Dq*
3 w?+(Dg?*)?

Spin diffusion approximation jq(a)) —

E? 4 2 _
5t~V (E) = 4nI? p2S(S + D)ln r; d =4Dk% ~ @

2
Logarithmic singularity is smeared, that 1s, Kondo effect in suppressed

Renormalization of magnetic susceptibility
B
£ = (85,85) = [ dice!Sge ™45

, = S+ 1)
Second-order in [ 3T
x ([5, €0 H e ] Sgemtto [ e~ atlo

+ ¢, 4P = _fdzlj du, [ du,



Kondo effect and spin dynamics V

41* o = Sl —1fg)
(2) __ p q
Lsing = dCI)f — (CD)
S & %—L Pm e, — gy + )
.. : . , S(S+1) 7% +d?
In spin-diffusion approximation i, 3T 21%p%In ;

Back effect: renormalization of spin dynamics

One needs to calculate inhomogeneous susceptibility and come to
the real space

J(r, T) = J(r)[l +41%p*(1 waf)lnp—:ﬁ}

. Sinkpr
o = <elkr>ak:EF' _

ker

Exchange integrals contain Kondo logarithms — one needs to do
everything self-consistently



Scaling theory of Kondo lattices

PHYSICAL REVIEW B VOLUME 56, NUMBER 13 1 OCTOBER 1997-1

Scaling picture of magnetism formation in the anomalous f-electron systems:
Interplay of the Kondo effect and spin dynamics

V. Yu. Irkhin and M. 1. Katsnelson™
Institute of Metal Physics, 620219 Ekaterinburg, Russia
(Received 27 December 1996; revised manuscript received 15 May 1997)

PHYSICAL REVIEW B VOLUME 59, NUMBER 14 I APRIL 1999-11

Scaling theory of magnetic ordering in the Kondo lattices with anisotropic exchange interactions

V. Yu. Irkhin® and M. 1. Katsnelson
Institute of Metal Physics, 620219 Ekaterinburg, Russia
(Received 26 May 1998, revised manuscript received 5 October 1998)

PHYSICAL REVIEW B VOLUME 61, NUMBER 21 1 JUNE 2000-I

Non-Fermi-liquid behavior in Kondo lattices induced by peculiarities
of magnetic ordering and spin dynamics

V. Yu. Irkhin* and M. I. Katsnelson
Institute of Metal Physics, 620219 Ekaterinburg, Russia
(Received 16 July 1999; revised manuscript received 6 October 1999)



Scaling theory of Kondo lattices |

H=2, troCrot+Hp+ Hy=Ho+H,;
ko

HfZE JqS_qu, H&f:_ 2 ]kk’Sk—k’(TaﬁCTkaCkfﬁ
q kk' a3

Without interaction of different spins and at I <0
Kondo temperature (border of strong coupling)

I'r=Dexp(1/2Ip)

Alternative model: SU(N) Coqgblin - Schrieffer model

| S
1 r I I 5N
S MM MM _ :l-f ﬂ/f 1
Hi=52Jy 2 XM Hy=—1 2 XuiCrnCur
q MM =-8 kk' MM’

X;’fovff:hM)(lM!l

Three phases considered: FM, AFM, and PM, different spin dynamics



Scaling theory of Kondo lattices Il

PM phase: renormalization ot effective coupling constant
1
E—ty_

SNE)=TP2,
q

Second-order expression 1n I for electron self-energy q

[7]S(S+1)., model (2)
| 1=1N?,  model (7).

Third-order expression with spin dynamics
(for s-d model N = 2)

| gm— -
\E_rk—p 'k—q~ Tk—p

parameter [—1, =1+ 61, 1s determined by “‘including™
Im> () into ImS{?(E). and is given by

N * Nk—q
51op= =51 fxdw%‘, Jq(w)E_rk_q_w (BS)



Scaling theory of Kondo lattices IV

PM phase: renormalization of magnetic moment

/T
Y=(5°.5)= L dN(exp(NH)S exp(—NH)S7)

Expanding to second order in / we derive (cf. Ref. 9)

x= S./3T. S, =S(S+1)[1-L].

”k( 1 _nk—q)

Lzzﬁﬂr dw, Ty o)

- kq (tk—t‘k_q—w)2
where we have mtroduced the notation

B [/], model (2)
| N2, model (7).



Scaling theory of Kondo lattices V

PM phase: renormalization of spin dynamics

W= (57 . S)/(574.59).
To second order in / we derive (ct. Refs. 10 and 13)

.4
(0)0=38(S+1) 2 (Jo-p=Jp)".

Swol wi=(1—ag)88./S7=—(1—ay)L.

2

SINK R
d | 1— Coqu]/% JQR[ 1 —cosqR]

JerR

ag=2 Jx
R



Scaling theory of Kondo lattices VI

Magnetically ordered phases: renormalization of effective
coupling constant

Sl = =[S (E)—S N E)1/(2S[1]) S or=—SpxrolE)/(S[1])

Second order in [

SIME)=2RT S‘Z "k —
E fk q+wq' }?k (E—fk )
Sito(E)=2RI*S 2, 41
1=k q | T (E=lig)’= (g )’

S(E)=2RI 5‘2

FM~

E fk q (J:)q

Important: in magnetically ordered phase “Kondo-like” logarithms
arise already in the second order (in PM phase: only in third)



Scaling theory of Kondo lattices VII

RG equation for coupling constant (FM phase as an example)

. My —
SIM(E)=2RI?S D, @ : : . .
K1 T E—t g+ o™ Split the integration region over the layers
1 —ny_q C<rk+q<C+ oC

S NE)=2RPS —.
q E_ tk—q_ (Uq

Sl (C)=1I"

C<ty<C+0C

| |
_|_
tkr+ Wi’ —k tkr_wkr_k

|

Averaging over Fermi surface  2AC)/ SC=p ' > (1) (1 kf)( N
k!kjr . (J')kr_k

_|_

1 )
C_ Wi —x -

C— o B
Cr ol w=4D k%

“Debye” model for magnons e
p
Wq= D,ng 5]€f( C) = —06CIn

w




Scaling theory of Kondo lattices VIl

The most cumbersome part: calculation of spin Green functions and

renormalization of spin frequencies and effective moments

The same trick: calculations of the contributions for specific layers of

electron states

FM as example

Swy(C)=—2IS > (Ji it

kk'.C<ty—t,r<C+8C

|

_J — !_J)
q+k—k’' ~Jo >
(=T — o )

C—w
C+w

2

8 w(C)=2p*P(1—a)8Cln

SIK zd
kpd

(04

— o —|/.ikR 2 _
= a=[(e"%) g 7=

awq(C)/aczzﬁsg (1) (1) (T

—Jq+k-k —Jo)

It we assume NN approximation for |
it 1s constant!



Scaling theory of Kondo lattices IX

General RG equations (also added magnetic anisotropy)

g./(C) - 2p1,/(C) <“exchange’” spin-fluctuation energy w . (C)
Se(C) gap 1n the spin-wave spectrum w(C)

9, C)/IC=N,0InS(C)/aC=—A/2,

Iln . (C)/dC=—aA/2,d1n wy(C)/dC=—bA/2

a=1— « for the paramagnetic (PM) phase, a=1—a',h=1
for the antiferromagnetic (AFM) phase, a=2(1—a"),hb=2
for the ferromagnetic (FM) phase; a,a’,a” are some aver-
ages over the Fermi surface (see Ref. 17); the quantity ¢ 1s

A=A[C,04(C),wo(C)] 1
+i0)/C

2O [0a(C) w(C) AC) ”:Refxd“<5kk'(‘“”fk—fkf—ol—(w

clT "\ Tl el Ia




Scaling theory of Kondo lattices X

wex( €)= wexexp(—alg. ()~ g]/2).
It follows from RG equations that we

need to solve only one equation, other wo(C)=wq exp(— b[gef( C)—g]/2),
quantities follow from this solution

S C)=Sexp(—[g,(C)—g]/2).

Examples of the functions

PM/ .\ — ..— 1 oy
7 (x)=x “arctanv, —x 2|1 —x2|, d=3

7 ()= (1=x2)"120(1—x2), d=2

\

n?}f(x)= +x 'n|1 *x

»

(D = 3 for PM and FM)



Scaling theory of Kondo lattices XI

FIG. 2. The scaling trajectories g.{¢) in a paramagnet
(g=0.15392>g_., upper solid line, and g=0.153 91<g_. lower
solid line) and a ferromagnet (g=0.138 68>g¢,, upper dashed line,
and g=0.138 67<g,., lower dashed line) according to Eq. (62)

|

!

12.5¢ I
|

l‘ with N=2, a=1/2, A=5, 5= 1/100.

7.
, E=In|D/C|, N=In(D/w)>1
. g
6 8 10 12 14 16
g l’ FIG. 3. The scaling trajectories g, §) in a 3D antiferromagnet
et I (solid lines, g=0.132 038 2>¢g,.and g=0.132 038 1<g_) and a 2D
! antiferromagnet  (dashed  lines, g=0.1266714>¢g,. and

g=0.126 671 3<g,) according to Eq. (62) with the same parameter
values as in Fig. 2.

[ T 2 B O 1 O o ) Y o



Scaling theory of Kondo lattices XiI|

Either at some cutoff coupling constant is divergent (Kondo regime _
pling gent ( g T%=Dexp( — £*)

with renormalized Kondo temperature) or remains always finite
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FIG. 5. The dependences 1/¢*(g) for g<<g.and £*(g)—\ for g>>g. in a paramagnet (a), ferromagnet (b), 3D antiferromagnet (¢), and
2D antiferromagnet (d) according to Eq. (77). The dashed line is the curve 1/g—N\, A=5, a=1/2, N=2. In the magnetically ordered phases
we set 6=1/100.



Conclusions

Anderson suggested a very simple and efficient trick to build RG
equations for infrared divergences in solids (like Kondo problem,
X-ray edge singularity, orthogonality catastrophe...)

It 1s not as general and as controllable as quantum-field RG but if
it works this is the simplest way to the answer

Applicable not only to local problems!
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