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e What kind of physics emerges in the three-channel Kondo model (3CK)?

e Why is the Non-Perturbative Functional Renormalization Group (NPFRG) relevant?
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Kondo model: phenomenology

S=1/2 = r

with Hamiltonian
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Heive ¥ / da bt 0,05 + v s(0) - S, 3(0):%@(0)000,%,(0)
o=tV 7>

where J > 0. It describes a static spin-1/2 in an electron gas.
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Kondo model: phenomenology

The Hamiltonian of the Kondo model is:

= jup Z / dxwlamz/}(, +vpJs(0)- S

o=T,)

where J > 0. It describes a static spin-1/2 in an electron gas.

Thermal fluctuations dominate

Exactly screened spin
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Experimental set-up

A charge version of the Kondo effect can be realized in mesoscopic devices:

e Metallic island with charging energy E¢ and gate voltage Ny = 1/2
He = Ec(N — No)?

= pseudo-spin 1/2
e Chiral quantum Hall edges = one-dimensional electronic leads

e Quantum point contacts (QPCs) with transparency 0 < 7 < 1

o 7 K 1: only a few electrons can tunnel = Exact mapping
on the Kondo model

o 7~ 1: high-transparency regime = The mapping on the
usual Kondo model fails
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High-transparency regime: an effective action

A (0 + 1)D effective action for the metallic island located at x = 0 can be derived by:
o Bosonizing the 1D leads — Three bosonic fields ¢1 2 3(x, T)
e Integrating the leads — &17273(7-) =¢123(x=0,7)
o Integrating the center of mass of the fields, which is gapped — 1 2(T)

3

Sle] = FLK 3 Jwnl g (iewn)|? - TZ/chos (2Ga p(7) — g) .

Wn a=1
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High-transparency regime and QBM

Particle in a 2-dimensional periodic potential with a honeycomb lattice of minima and subject to
dissipation:

Sl = % Z |wn [ (iwn)|? — ri/chos (ZGa ~p(1) — g) .

e © = (1, p2): 2D vector, coordinate of the
quantum Brownian particle.

e Luttinger parameter K: interactions in the 1d
leads. Mapping on Kondo at K = 1.

e Supplemented by UV cutoff D (electron
bandwidth).

P1
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To identify the Kondo fixed point, experimentalists
measure the conductance matrix G;; defined by

I =Y GV
k

In the symmetric case,
1
Gij(w) = G(w) (%‘ - 3)

where G(w) can be understood as the renormalized transparency of the QPCs.

Nicolas Paris (LPTMC,MPQ) ERG Brighton 2026 September, 2026



Different approaches for different regimes

Nicolas Paris (LPTMC,MPQ)

(i) Cross-over in the low transparency regime
solved with numerical renormalization group (NRG)

(ii) Kondo fixed point at zero-energy described by a

conformal field theory (CFT): Gioi = 2sin® (%)

(iii) No theoretical approach to describe the
cross-over in the
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Different approaches for different regimes

In the high transparency regime:
e Bosonic action

e Similar to the boundary sine-Gordon model
[Daviet, Dupuis 2023]

'\\ e Non-perturbative fixed point

AN = FRG
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(n) ("H), F;n+2). The BMW approximation closes this infinite

The flow equation of I} involves I';

hierarchy.
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The flow equation of Fé") involves I’,(cnﬂ), I’I(JLH). The BMW approximation closes this infinite
hierarchy.
af,Rk; (‘zw')
. 2) . ;
TP (iw, ¢) = +
(ng) I'® (i, —i(w + o), i, )

y

0,1\ (iw, )
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n)

The flow equation of F,(c F,(CHH). F;(cnﬁ)

involves . The BMW approximation closes this infinite
hierarchy.
002 (iw, ¢) = +
((4) F(d)(m —i(w +w'),iw’, @)
1 ¢
2:(2) 7\&3\*7»’.&) O Q’ﬁ)
8@‘7]‘—\/:: ¢
@ DI\ (i, )
= Keep the full-frequency dependence of I',” (iw, ¢). ¢ W
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We parametrize the effective action and the 1Pl 2-point vertex in uniform field:
1
B
2) .
F,ivzj (iwn, @) =

Tk[9]] g unit. = Ur(9)

|wn|

ﬂ_iK(sij + Ag,ij(iwn, @) + 0p, 04, Ur(9),

where Uy, is the effective potential and Ay the 'self-energy’, with initial conditions:

. s
Uk, (@) = —T;/dr cos (2Ga Sp(1) — §>

A, (iwp, @) =0

Ay and Uy, are periodic = Expand in Fourier series and keep 35 x 35 harmonics

Numerics: 6-core parallelization, simulations lasting ~2 days
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Universal conductance at 7' = 0 (BMW)

In the limit |w| < D, the conductance exhibits a universal scaling behavior:

G, T=0) = 6 (Ti) .

At low frequency

Glw/T* = Gi p+alw/TH".
@/T") =, Gicx +al/T"|
g
1.0
LPA | BMW Exact [Yi,2002]
0.9 2
3oK - 0.677 | 2sin®(7/5) ~ 0.691
r/D
0.8 0.05
002 v | 0455 | 0.408 2/5
e 0.005
0.691¢ o *  0.001
107 107

w/T*
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Universal entropy cross-over (LPA and BMW)

The FRG approach gives access to AS(T) = S(T) — S(T)|T:0. Like the conductance, it exhibits a

universal scaling behavior
T
AS(T) = S| =—
()T<<D (T*)

At zero temperature, it takes a value characteristic of Fibonnacci anyons.

S
0.00
P | LPA | BMW | Exact (TBA) [Affleck et al.,2001]
r
0.1
001 —0.04 S(0) | —0.058 | —0.062 m(l;f;) ~ —0.068
0.005
0.001
e o~ A —0.06
1072 10?

T/T*
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Conclusion

NPFRG allows us to study the high-transparency regime of the 3CK model:
o Excellent quantitative agreement with known results (G4, S(0),v).
o Full universal crossover (G(w/T*),S(T/T*)).
e Extends naturally to interacting leads (K # 1).

= Establishes FRG as a powerful nonperturbative tool for quantum impurity problems in regimes
inaccessible to conventional approaches

This work is detailed in Phys. Rev. Lett. 136, 066501.

These results are confirmed in arXiv:2607.07797, in which we present a new and involved Monte Carlo
approach to solve the multichannel Kondo model.
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Kondo effect
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Figure: Comparison of experimental and theoretical R(T") curves for AuFe alloys. [Kondo 1964]

p(T) = po + cIn(A/T) + aT? + bT® (1)
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NPFRG framework

Z4[J] = / Do e~ SlA-ASilel+[ drs
ASilel = [ drdr’ p(n)Ru(r = )e(r)
We define ¢ = () and the slightly modified Legendre transform:

Tulo] =~ Z0l7) ~ ASilo] + [ drJs
1

Uk() = 3

i [0]] 5 it

with the flow equation

1 /B
Tk = 5 / arTe [0 R0 + Ry) ™|
0
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Approximation schemes

We parametrize the effective action and the 1Pl 2-point vertex in uniform field:

1
3 L[]l g unie. = Ur()

2 |Wn‘
D) (iwn, 6) =

51] + Ay Jij (ana ¢) + a‘i’v 8¢7 Uk (¢)

where Uy, is the effective potential and Ay the self-energy. Initial conditions:

27TN 27Ny

)+T‘2COS(2\7§27 )+r3cos(<plf%f

Ukiw (01, p2) = 1 cos(p1 + £ + 2Ny )

3
A, =0

in

Ay and Uy, are periodic over the triangular lattice generated by:

Gi=(1,-1/V3), G2=(0,2/V3), G3=(-1,-1/V3)=-G1- G2
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Local potential approximation

Neglect the renormalization of the self-energy: Ay = 0.

1
B Fk[¢]|¢unif. = Uk(9)
. Wn .

The Wetterich equation reads:

1 [P Wn, _
LU, = 5/0 dTTr{akRk (LTIJ(S” +U;2’+Rk) 1)}
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Blaizot-Méndez—Galain-Wschebor (BMW) scheme

Differentiating functionally the Wetterich equation with respect to ¢ generates an infinite hierarchy of
flow equations: BkI‘,(f") involves I‘gﬁnﬂ) and I‘EJH_Q).

) ) 1z .
atrl(j')ij (iwy, —iwy; @) = 5@ Z Gk,iliQ('Lwn)F(4>

boijinia (wy, —iwy, twn, —twy)

Wn ;21,22

— 4 Z [Gk,iliQ (iWn)ngzi3 (iwy, twn, —iwn+v)

Wn,t1,12,13,%4

. 3 . . .
XG,igig (Z“jnJrV)Fl(c,;‘iul (—zwy, Wn+v, _an)] s

The BMW approximation closes this infinite hierarchy:
e Analyticity of (™) at w = 0: put the internal loop frequency to zero in the vertices

e Use:
8F,§j‘) (Wiy .- ywn; @)
a¢i7L+1 7

P +1
Fgc?il,.?.,in,ml (Wi, .-y wn, 0;0) =

= Keep the full-frequency dependence of the 1Pl 2-point vertex.
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