Stablility of Non Fermi Liguid states
In Kondo problems: a few surprises
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The Kondo problem
Overscreening: route to NFL

Quantum dot with interactions
In the leads: "uphill" entropy
flow and two channel Kondo

Conclusion
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Diluted magnetic impurities in a metal.

Resistance

Temperature

Resistivity In “pure” metals:
p(T) =a+bT*+ cT?

Resistivity In “dirty” metals:

Temperature dependent impurity
scattering
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Impurity spin in metallic Fermi sea:
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Limit J = 0: local moment

S(T) = log?2

x(T) = 1/(4T)

Limit J = oo: singlet state (screening)

S(T)=0
x(T = 0) does not diverge
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Weak coupling RG: log(7T'/ D) divergent

0J(N) 5 1
= —J(N) = J(A) =
Olog A (A) (A) log(A/Tk)
Kondo scale: Tx = Dexp(—D/J)
Universal crossover:
@ >——> > > @ »
O TK 0 J
TX(T,J,D). S(T,J,D) 0.5 U
1230 Te-20 i 16-10 | 1230 1620 N 16-10

Universality: T'x(T, J, D) = ®(T/Tk)
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Two independent Fermi seas (m=1,2):
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H=H +Hy+ Y JnchyToaCoy - S
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Over-screening if J; = Js [Noziéres-Blandin]:

°
0

Weak coupling RG: 3(J) = —J* 4+ KJ3
K = 2 = # channels
J* =1/K NFL fixed point
S(T'=0) = log(v2)
\(T) o log(Tx /T)
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The strongest channel wins!
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S(T) decreases along the flow: g-theorem

[Affleck-Ludwig]
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Charging energy:

H(Q) E(:QQ — G%Q

eV, \ 2
E. g
9 2F.

+ cst.

i __BE. =1 0.8
gEc = 10 4V
1T BE.=100 7 1 06 |




wall vlic 1callZc £ CUN 111 UULS 7

[

=18 %

NN

[ AB > T

Vd

Model: [Glazman-Raikh] Ny = " _did,

H = HL —|—HR—|—UdN§ +Ede+ZtOéd:rjcaa —|—hC

Magnetic coupling: J,o = tote /Uy (o = L, R)

H = HL+HR+Z<]&O/CL@7—JUJ’CU’&’ . 5

2 | 42
tL+tRcT FootCorr S
U, ot'o0' "ol

d

H,+H_+

= Mixing of lead indices: 1CK!
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a initial state virtual state final state b density of states

conductance (g%/h)

gate volta ge

Exp. [Goldhaber-Gordon, Kouwenhoven...]

Fermi Liquid: G(T) = 2¢%/h[1l — (7T /T;)?]
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If E. > T1¢: two decoupled channels appear

= G(T) ~ 1e2/h[1 — /7T /T#]
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Question: consider the extreme case £, < TL°
What happens atT — 0 ?

Naively: S(T) < log(v/2) if B, < T < Tx¢
= One channel Kondo ?!1?

Counter argument: C.B. wins at T’ < FE.
= Two channel Kondo ?!?

Formalization: phase conjugate to island charge

10 2
H = H++H_+HI+EC{—,%—N?}
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Limit £. = 0: 6 locked = H = Hicx
In the symmetric combination of m = +, I channels

Perturbative calculation at small E.:

H=Hick + Ji1 ¥ Sl Trorco (i — 6%/2) + hec.

oo’

B
= AF /dT ([0() — 0(0)]*) T(1)Go(7)

0

i 2F, T¢
AR
using Sy = fo drio-o” 8 9 = ((iw)0(—iw)) = 2E. /w?
and T'(1)Gy(71) = 1/( 72) (Friedel)

9F T E,
S =g =gt 7

Crossover scale in S: Ts = \/ E. T

Breakdown of expansion at 7" < F.
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New large N limit: SU(/V) spin and K channels

= Condense slave boson =- screening
= Selection of Non Crossing diagrams = NFL

Crossover 1CK — 2CK in the entropy:
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= S(T) rises below T, = \/E. T} I

=T =F. at Fc< T = T < E, is enough!
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Apply interacting Landauer formula:

B, < T
— B, ~ T |

The smoking gun: play with channel anisotropy!

TA X (J_|_ — J[)2

[Pustilnik et al.]
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Flow diagram:
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What sets T:¢ at T < E. < D ?
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e At £. < A < D, single channel Kondo RG:
9% __
Olog A
Flow starts at j(D) = j:

= j(A) = 1/log(A/Ty")

e At A < E., multichannel Kondo RG:

dj _j_2
OlogA 2
Flow starts at j(E,) = 1/log(E./T:°)
1

A —
= ) log Ec/T +1/2log(A/E,
K

Pole at| T2 = (T3)?/E,| > De™2/1

£ S

2% ) Enhancement of T3¢
(T )
~ F,
| -
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NFL states in Kondo problem have a
finite entropy

Even small charging energies do
stabilize 2CK

Novel "uphill" entropy flow generic
New enhancement of Kondo scale

Experiments on two channel Kondo...

Extension to the lattice?
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