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- Kondo SyStemS Experiments and models
H‘ _': : E_ Co atoms on Cu,N/Cu(100) in magnetic field. R. Toskovic, R. van den Berg, A. Spinelli, 1. S. Eliens, B. van den Toorn,
g ::: 3 B. Bryant, J. S. Caux, and A. F. Otte, Nature Physics 12 (2016), 656
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H‘ _': : E_ Co atoms on Cu,N/Cu(100) in magnetic field. R. Toskovic, R. van den Berg, A. Spinelli, 1. S. Eliens, B. van den Toorn,
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Kondo systems
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Kondo systems
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with Experiments and models

Kondo systems
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PHYSICAL REVIEW LETTERS 123, 176601 (2019)

Exploring the Kondo Effect of an Extended Impurity with Chains
of Co Adatoms in a Magnetie Field

Rimla Dann,"" Fakher F. Assaad,™"! and Frédéric Mila'*
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: o i :
[ H=-t) (&l +he)+ 2" Y éloé, 8.+ ) 8.8 }

(4.3) i (r,7’)

Question: Field theory for i) Numerical simulations

ii) Classification of phases
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Field theory and QMC
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Field theory: Def
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Exact in the limit U/ — oo. But since [I{I,-_,,FI] = 0 the constraint is imposed very efficiently.
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Exact in the limit U — oo. But since [I:IU,FIJ =0 the constraint is imposed very efficiently.
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Kondo systems

Field theory and QMC
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Local U(1) gauge invariance: fl(f) — fI,(T)e""‘”"(") ag(T) = a0 (T) + O (7)
ar(1) = ap(7)+ Vene(7)
(1) = on(T) +00(T)

Other symmetry allowed terms, such as U(1) flux, and dynamics of the b-field, will be dynamically generated.
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Numerical simulations

Z=TrePH = fD {7} D {c'c} D{z} D{b,} D{ao}e™" = fD {20, b a0 € o0 e SEgl)

For our specific case, the actionis real! - No sign problem. Absence of sign problem is shown on the basis of symmetry arguments.
(T. Sato, FFA, and T. Grover, Phys, Rev. Lett, 120 (2018), 107201)

The integration over the fields is carried out with Monte Carlo importance sampling.
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ALF 1.0: SciPost Phys. 3(2017), 013 ALF 2,0 https://arxiv.org/abs/2012.11914
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» Block diagonal in flavors, Ng

# SU(N,) symmetricin colors N
» Arbitrary Bravais lattice for d=1,2
» Model can be specified at minimal programming cost
» Fortran 2003 standard

» MPI implementation

# Global and local moves, Parallel tempering, Langevin
» Projective and finite T approaches

» PYALF: easy access python interface

» Predefined models
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Kondo systems

Phases
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Kondo systems

Phases
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s order-disorder transitions
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Topics Kondo breakdown transitions and phases

PHYSICAL REVIEW LETTERS 125, 206602 (2020)

Kondo Breakdown in a Spin-1/2 Chain of Adatoms on a Dirac Semimetal

Bimla Danu,"* Matthia$® Vojta,”" Fakher I, Assaad,"* and Tarun Grover™*
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Spin chain on semi-metal
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Spin-spin correlations along the Heisenberg chain

For isolated chain, SU(2) spin symmetry enforces
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Interpretation

: . : C(r) = (81814,) = (=1)I"/|7|
Gapping out of two-spinon continuum

corresponds to confinement transition.
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T 103
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Zero bias tunneling through the magnetic adatom as a measure of the Higgs condensate.

0.08 F 72 L=L=L=p,J/r1
— 006 14726
=i e
I
3 0.04 |
= 002

ST |
0 1 2 3 4 5 6
Jt
Aw) = T @), G=w) = =i [ et 3 ({1 0, 7O i Ao oS (S: Schieffer Wolt transformaion)

T.A. Costi, Phys. Rev. Lett, 85, 1504 (2000).

In the large-N limit: 1;[:: X flbr
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Topics

Spin chain on a metallic surface: Dissipation-induced order vs. Kondo entanglement

Bimla Dann,' Matthias Vojta,? Tarun Grover,? and Fakher Fo Assand!

arXiv:2204.00029v1
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At Heisenberg critical point ( A,, = 5) the coupling to electron in the temporal direction is marginal !
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~ é n?’ (T)nr(T’)
S(n) = Schain(n) + Sdiss (n) Sdiss (‘Tl) fC) / drdr’ Z (T 1..;)2 i
v r T
arXiv:2112.02124v1 Dissipation-induced order: the S = 1/2 quantum spin chain coupled to an ohmic bath

Manuel Weber,! David J. Luitz,! and Fakher F. Assaad??

Hamiltonian

H=J) 8; 8ip1+) wed] &, ,+) A (&,,},q + &z’q) .8 Jw) =73 Ab(w —w,) = 2maw
i i,q i,q 4

Conservation law

= 1 Xl
jLuL = Z Qniq X p,,;q + Z S.,; Pw \1/5 (a’w a'”i‘)
iq i | |
2

A bath cannot screen
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Spin chain on metallic surface

S4iss () = & / drdr’z

L

(7)1 (77)

(r )i

arXiv:2112.02124v1 Dissipation-induced order: the S = 1/2 quantum spin chain coupled to an ohmic bath
Manuel Weber,! David J. Tuitz,! and Fakher F. Assaad??
1 I L . L T 1 1 T QT ! A 0. TR RAE ] ] T
(a) 04| S(q) = E e-’q (Sr . Su) e (b) | (e)
07 g 5 r e
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R ol 1/1In(1) o S b(Q + 5(1) 3 0.4 \ Fal A .
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Long ranged interaction alongthe imaginary time invalidates Mermin-Wagner theorem and triggers long-ranged order.
(Dissipation is marginally relevant)
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~ é n?’ (T)nr(T’)
8(n) = Schain(n) + Saiss(n2) Saiss(n) = @ / drdr’ Z (r 1..:)? :
L2 r —
arXiv:2112.02124v1 Dissipation-induced order: the S = 1/2 quantum spin chain coupled to an ohmic bath

Manuel Weber,! David J. Tuitz,! and Fakher F. Assaad??

Spin_structure factor: Landau damped Goldstone modes (z=2).

a 100
Imy(k,w +i0") : : 107
S(k,w) = ARSIEG ¢ Spin-wave calculation (B. Danu)
¢ 1— e Aw 1072
10

Long ranged interaction along the imaginary time invalidates Mermin-Wagner theorem and triggers long-ranged order.
(Dissipation is marginally relevant)
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. L

. 3 ey e at : Jk At _a . - . ,
%***++++ / H= t%(cic_., + h.c) + 5 ; élaé,. 8, +J, (7%:,) S,.. 8,
a9

Dissipation and Kondo singlet formation compete and trigger an order-disorder transition.
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Numerics suggest a z=2 QCP

such that we adopta 3 = L?

—— [=32 0.4 scaling.
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49

Dissipation and Kondo singlet formation compete and trigger an order-disorder transition,
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= ata. e e L
/ﬁ++*+++y/ H = t%(cicj+i?,.e)+ 5 zr:c,,a'cr R (%) S, 8,
e

Single particle spectral function shows heavy bands in both phases. Consistent with the absence of Kondo breakdown.
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Conclusions
H——tZ(C‘CJ'-Fh()-F#z S N8 8

+++*+ u(1) gaUgEtheory ;,.-_[‘”_h { T\u( W 4 k Sl (P Y el 18, 6 - igle ()
»Sli(1\| DL e () + b l
\_’

+ 310, =g (TN £ (1) +ianu(r) + 3 [alr)| [FLr)et T 4 (r) + he.

FL* Heavy fermion
<> AFM Heavy fermion Z metal
metal metal
b) =0, (n) =0 B £0, (m} =0
(m) #0,(b) # 0 (n) =0,() #0 =0 (
o——O0— 0/ & D »—0— J"
Dissipation versus Kondo screening. Spinons are deconfined Heavy-fermion phase

_ _ Kondo Breakdown phase Kondo screen
Anti-ferromagnetic metal to heavy

fermion metal QCP.
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