Exotic Quantum Criticality in Kondo Lattices

Qimiao Si

Outline;

Exotic Quantum Criticality

in Kondo L attices

Rice University

1. Quantum criticd heavy fermions:
» Fermi-surface &olution
* Anomalous dynamics

2. Destruction d Kondoeffed: EDMFT
3. Beyondthe microscopics

KITP, June 30, 2004

Eugene Pivovarov,
Silvio Rabello, J. L. Smith
Kevin Ingersent

Lijun Zhu, Stefan Kirchner, }

Daniel Grempsel

Jianxin Zhu
S. Paschen P. Gegenwart
T. Ldhmann S. Wirth
T. Cichorek K. Neumaier
O. Trovarelli C. Gebd
F. Steglich P. Coleman

(Rice University)

(Univ. of Florida)
(CEA-Saclay)
(Los Alamos)

R. Kuchler
N. Oeschler
O. Tegus

J. A. Mydosh

Dr. Qimiao Si, Rice University (KITP Exotic Order Program 6/30/04)




Exotic Quantum Criticality in Kondo Lattices

 Kondo lattices:

e Z I, S¢S

Re)
2 : L § : a <a _a
—+ t?'j C,s Cio —+ ']f( .LS[’ S/
YR (e

 Kondo lattices:

e Z I, S¢S

Re)
2 : L § : a <a _a
—+ t?'j C,s Cio —+ ']f( .LS[’ S/
YR (e

* Heavy fermions near a magnetic QCP:
— YbRN,SI, (criticd Bab=60mT, Bc=0.7T)
tetragonal; easy-plane anisotropy (Mab:Mc~1001 at low T); T, % ~ 20K
— Ce(Cuy,Au, ) (criticd x =0.017)
nealy orthorhombic; Ising-anisotropy (Mc:MaMb =10:2:1); T,° = 6K
— Phases. AF metal; paramagnetic metal
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Hall Effed in YbRh,SI,

* The Hall number hasa sharp jump @ QCP inthe
T =0 limit (by extrapolation):
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. paramagnetic
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*» Suggesting a sudden coll apse and reconstruction
of the Fermi surfaceat the QCP

S. Paschen etal., preprint’04

Dynamics of the quantum critical CeCug Au, ;

* Frequency and temperature dependences of the
dynamical spin susceptibility:
— an anomalous exponent a<l
— /T scaling
implying

* The anomalous exponent Q IS ®en essentially
“everywhere’ in the momentum space
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Dynamica and Static Susceptibiliti esin CeCug jAu, ;
* E/T scaling * =0.75 everywhere' ing.
*Fradional exporent =0.75
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L ocal Quantum Critical Point
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Destruction of Kondo
effect (E,. = 0)

at the QCP
QCP 5
* Local susceptibility 1
also diverges: Ko (@) = 27|n% wher )
. Tl e r—T

» “gpin self-energy” has anomalous exponent
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QS, S. Rabello, K. Ingersent, & J. L. Smith, Nature 413, 804 (2001)

Extended-DM FT* of Kondo L attice

(* Smith & QS; Chitra& Kotliar; Sengupa & Georges)

» Mapping to a Bose-Fermi Kondo model:
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* The dfediveimpurity problem determines
— Eledron self-energyZ(@)
— “gpin self-energy” M (m)

* Dynamical spin susceptibility:

Sy —
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Extended-DM FT of Kondo L attice

Kondo L attice

Bose-Fermi Kondo
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Cf. QS, S. Rabello, K. Ingersent and J.L.Smith, Phys. Rev. B '03 for detail s

= 1- J\) expansion of Bose-Fer mi Kondo model:

Order &: J. L. Smith & QS’97; A. M. Sengupta’97
Higher ordersin € and the dfect of spin anisotropies:

L.Zhu & QS’'02 G. Zarand & E. Demler '02
J=0: S. Sachdev & J. Ye’93 (large N);

M. Vojta, C. Buragohain, & S. Sachdev ‘00
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Kondo latticewith Ising anisotr opy
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* m,e => 0: continuous AF transition

* E,. = 0: destruction of Kondo resonances

J.-X. Zhu, D. Grempd, & QS, Phys.Rev.Lett. '03

Kondo latticewith Ising anisotropy (cont’ d)

é]_?s 125 175 225 I'

The destruction of Kondo resonances (E,,, = 0)
medswith thevanishing of the Néel temperature
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Quantum Critical Dynamics

» Local spin susceptibility
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e Calculated o> 0.7

Fractional exponent in the dynamics

» Inverse peak susceptibility at | = Ic
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Fermi SurfaceEvolution
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 Localization of f-eledrons
— m* - « over the entire Fermi surfaceas 9 > 9QCP

— Reoonstruction d the Fermi surfaceaaoss 9QCP
* Anomalous gin dynamics everywherein g.

» Destruction of Kondo effed

—{Non-Fermi liquid excitations part of the quantum-
criticd spedrum.
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* What happensbeyond EDMFT?

» Heisenberg case:

S(x,.) m ne%*

:ﬁdxd, m(x,.) ni(x,,)

* Ising case: Kondocouging to fermionsirrelevant

o
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Related problem | - (1_1‘7-%> g +ukoy
in 1D: |

Oy.) = u[x”?‘ yi

E. Pivovarov, & QS, Phys.Rev.B '04;

O. Zachar, & A. M. Tsvdik, PRB '01;
A. E.Sikkema, |. Afflek, & S. R. White, PRL '97;
O. Zachar, S. A. Kivdson, & V. J. Emery, PRL '96

SUMM ARY

» Two types of quantum critical metals

— T=0 SDW transition (Gaussan)
— Locdly quantum-criticd: destruction of Kondoeffed
exadly at the magnetic QCP (interading)

* Microscopic (EDMFT) results of Kondo latticemodels

» Evidencefrom Hall effed, inelastic neutron scattering,
NMR, and Grineisen ratio

» Beyond microscopics
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