Fermi surface reconstructions at
heavy fermion quantum critical points

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

e Fermi surface evolution with temperature

e Fermi surface evolution with tuning parameter, across QCP
e A new cubic quantum critical material: CesPdoySig

e An old cubic material: CeBg (time permitting)

e Open questions
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Fermi surface evolution with temperature



Kondo effect and heavy fermion compounds
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L (Coleman, Nature Mater. 11 (2012) 185, news & views)
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YbRhoSip: Prototypal quantum critical heavy fermion system
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STM study of YbRhoSio
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ARPES study of YbRhsSis
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(Danzenbicher et al., PRL 107 (2011) 267601)  50- _d

L (Kummer et al., unpublished; see Zwicknagl talk at IRONIC) )
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Fermi surface evolution with tuning parameter, across QCP
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Heavy fermion quantum criticality: NFL and novel phases at Ty — 0
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Standard scenario: Spin density wave (SDW) formation (Hertz, Millis, ...)

Paramagnet [tinerant antiferromagnet

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

(ii) KD

Paramagnet Local moment antiferromagnet

(Coleman, Nature Mater. 11 (2012) 185, news & views)
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/ 7=0.65K plane \

De Haas-van Alphen studies in vl

CeRhIn5
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Standard scenario: Spin density wave (SDW) formation (Hertz, Millis, ...)
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Paramagnet [tinerant antiferromagnet continuous Ry

Alternative scenario: Kondo breakdown (Coleman, Si, Schroder, ...)
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Paramagnet Local moment antiferromagnet jump in Ry
use Hall effect (Coleman et al., J. Phys. Condens. Matter 13 (2001) R723) +
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Hall effect at doping/pressure induced QCP of prototypical SDW
system Cri_, Vg

Inverse Hall coefficient
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Hall effect in YbRhoSiy: Discovery of T
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Thermodynamic evidence of T* — New energy scale

Thermopower Magnetostriction, magnetization
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The Kondo breakdown QCP - cartoon
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Disentangled critical [ Entangled critical

Temperature

Magnetic metal (‘)’ Heavy electron liquid"

Quantum critical point Magnetic field

(Schofield, Science 315 (2007) 945)
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Suggested theoretical phase diagram at 7" = 0

Kondo destruction QCPs

SDW QCPs

Ik

Si, Physica B 378-380 (2006) 23; Phys. Stat. Sol. 247 (2010) 476; also: Coleman et al.))

Strong Correlations and Unconventional Superconductors: Towards a Conceptual Framework, KITP, Sept. 22-26, 2014, 17

\




Suggested theoretical phase diagram at 7" = 0

Kondo destruction QCPs

» YRS

SDW QCPs

Ik

(Si, Physica B 378-380 (2006) 23: Phys. Stat. Sol. 247 (2010) 476)
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A new cubic quantum critical material: CegPd9gSig



A new cubic material: Ce3PdogSig
Temperature-field phase diagram (pc)
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Non-Fermi liquid properties of CesPdogSig at critical field B, ~ 0.9T
Electrical resistivity Specific heat
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Isotherms crossing phase diagram

(Custers et al., Nature Mater. 11 (2012) 189)
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Phase diagram of CegPdogSig with T™ scale

B (T)
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Crossovers in magnetotransport of CesPdogSig at B*

Longitudinal magnetoresistance — Differential Hall coeflicient
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Crossovers at B* vs transition at By

Width of crossover at B*

Width of transition at By
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A new cubic material: CegPdypSig

cubic CezPdogSig tetragonal YbRhoSio
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Placement of Ce3PdypSig in global phase diagram

Kondo destruction QCPs

» YRS

SDW QCPs

_ (Custers et al., Nature Mater. 11 (2012) 189)
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Materials-based global phase diagram

Dimensionality |
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Kondo destruction within ordered phase in other materials

(L. Jiao et al., unpublished)
Oy CeRhIn5 T=0

CePt,lIn,?
W4

AF ¥

(talk Thompson on Monday)

 (Sebastian et al., PNAS 106 (2009) 7741)
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Phase diagram of CesPdygSig single crystals

From magnetization:
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Can there be multiple Kondo destruction transitions as function

of a single tuning parameter?

Can there be Kondo destruction from orbital moments?

Tools beyond Hall effect to probe Fermi surface reconstructions at

heavy fermion quantum critical points?

Superconducting domes at Kondo destruction QCP?
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