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Exploring heavy-fermion quantum criticality
in the extreme 3D limit

Silke Paschen
Institute of Solid State Physics, Vienna University of Technology

e Heavy fermion quantum criticality: Historical perspective
e The case of YbRhySiy
e The new cubic material CesPdsgSig

e Materials in the global phase diagram
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Kondo effect and heavy fermion compounds
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First heavy fermion/electron compound: CeAls
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| (Andres et al,, Phys. Rev. Lett. 35 (1975) 1779.)
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Kadowaki — Woods plot
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Non-Fermi liquid behaviour: Y gUg oPds
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Non-Fermi liquid near magnetic order: Uy_,Th;NipAlj

_ (Kim et al., Phys. Rev. B 47 (1993) 12403)
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NFL behaviour at quantum critical points
CeCug_,Au, (Schroder et al, Nature 2000)  YbRhsSiy (Custers et at., Nature 2001)
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Standard scenario: Spin density wave (SDW) formation

(i) SDW

Paramagnet [tinerant antiferromagnet

Alternative scenario in 2D: Kondo breakdown (Coleman, Si, Schroder, ...)

Paramagnet Local moment antiferromagnet

(Coleman, Nature Mater. 11 (2012) 185, news & views)
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Hall effect in tetragonal YbRhoSis with 2D spin fluctuations

Hall coefficient vs field Phase diagram
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Hall effect in tetragonal YbRhoSis with 2D spin fluctuations:
Experiments on purest samples with enhanced resolution

Phase diagram Crossover width
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Suggested scenarios (list incomplete ...):

Kondo breakdown/Orbital selective Mott transition:

Kondo lattice, Kondo-Heisenberg, PAM, Bose-Fermi Kondo models, ...

Coleman, Fabrizio, Kim, Kotliar, Pépin, Senthil, Si, Zaanen, ...
Lifshitz transition/Topological transition:

2D Kondo lattice model, band picture ...
Assaad, Vojta, Watanabe, ...

Valence transition/Valence criticality:
PAM with Uy, band picture ...
Miyake, Norman, Watanabe, ...

Quantum tricritical point:
Self-consistent renormalization theory for spin fluctuations

Imada, Misawa, Yamayji

Weak-field breakdown:
Boltzmann transport theory

Schofield
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A new cubic material: Ces3PdopSig

Inverse susceptibility Susceptibility
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A new cubic material: Ces3PdopSig

Electrical resistivity Electronic specific heat
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A new cubic material: CegPdogSig

Temperature-field phase diagram
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(Deen et al., Phys. Rev. B 81 (2010) 064427)
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Ordered phases in CezPdogSig
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Non-Fermi liquid properties of CesPdopSig

Specific heat Electrical resistivity
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Phase diagram of CesPdogSig with T scale
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P
Crossovers in magnetotransport of CegPdygSig at B*
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Crossovers at B* vs transition at B

Width of crossover at B* Width of transition at By
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Suggested theoretical phase diagram at T = 0

Kondo destruction QCPs

SDW QCPs

Ik

|(Si, Physica B 378-380 (2006) 23; Phys. Stat. Sol. 247 (2010) 476; also: Coleman et al.))
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Suggested theoretical phase diagram at T = 0

Kondo destruction QCPs
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Suggested theoretical phase diagram at T = 0

Kondo destruction QCPs
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Materials-based global phase diagram
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Materials-based global phase diagram

0.10
>

0.02
oY
0.04

0.06

»*YRS

SDW QCPs

(Friedemann et al., Nat. Phys. 5 (2009) 465

0.05F

Kondo destruction QCPs:

0.15F

Yb(Rh, Ir),Si]

FL

T=0

Yb(Rh,_Co ),Si,

0.00

0.05

ICTP Trieste, August 13 - 17, 2012, 27




-

Materials-based global phase diagram
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Summary & Outlook

e CegPdyySig: New cubic quantum critical heavy fermion compound

e Crossover in magnetotransport with similar characteristics as in YbRhySio,
at T"— 0:
— Crossover position coincides with B,

— Crossover width extrapolates to zero

e Important difference: QQCP within other ordered phase!
— Nature of this phase?
— Nature of transition leaving this phase?

— Can in Kondo breakdown scenario be related to higher dimensionality

(lower G)
— Other theoretical scenarios?

— Extensions of theories to 3D7

.

ICTP Trieste, August 13 - 17, 2012, 29



