Fermi surface instabilities in YbRh,Si, at high field
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Unconventional metallic state in YbRh,Si,
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Quantum criticality in YoRh,Si, : localized versus itinerant

Kondo breakdown : a YbRh,Si, | b f-- R
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174YbRh,Si, : (H — T) phase diagram (H| | a)
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High field properties :
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Lifshitz-type transition through H,

Kusminskiy et al. PRB 77 (2008) 094419:
static mean field theory, Kondo lattice coherence of ﬁ
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Experimental details

4.0 : :

In flux grown single crystal
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Magnetoresistance H || [110]
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Magnetoresistance H // [110]

e cascade of transitions above H,;~ 9.5 T
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Temperature dependence of p(H)
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Magnetic Phase Diagram from Magnetoresistance
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Thermoelectric power

Mott formula
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TEP sensitive to changes:

- carrier type (hole,
electron)

- scattering rate

- density of state (measures
the derivative of N)

- Fermi surface topology
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TEP : thermoelectric power

» excellent agreement with
magnetoresistivity
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Temperature dependence of S/T
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Phase diagram

YbRh,Si,
i1
: oty Magnetoresistivity and

S{““;"‘J} thermoelectric power indicate

field induced transitions.

e Strong indications of topological
transitions of the Fermi surface.

* Field scale of Lifshitz transitions
given by k; T, ~ gLiH,

e TEP is an extremely sensitive
probe to detect topological
transitions as it is directly
determined by d In N(E)/dE




Band structure: “small”<>"large” Fermi surface

e Zwicknagl JPCM 23 (2011) 094215
H. Harima, 2006 renormalized band structure
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Angular dependence in plane
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Quantum oscillation experiments H // [100] through H,
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Quantum oscillation experiments H // [110] through H,
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Renormalized band structure calculation

G. Zwicknagl
in Pfau et al. PRL 110, 256403 (2013)

* Anisotropic hybridization of the
4f states with the conduction
bands, caused by the highly
anisotropic crystalline electric
field ground state, leads to van
Hove—type singularities in the
guasiparticle DOS.

» Lifshitz transition of minority spin
band

DO5 100/4eV cell)




Angular dependence dHvA [100] to [001]
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Experiment (H > H,)
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about 75 % of the heavy mass is still missing !

LDA bandstructure calculation (Harima)
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summary

e topological changes of the Fermi surface as function of
magnetic field observed in TEP and resistivity

e observed orbits from the “donut” hole and “jungle-gym”
electron Fermi surfaces

e continuous change of dHVA frequencies through H,

e Lifshitz-transition of spin-splitted bands :“hole” Fermi
surface decreases, electron Fermi surface increase
through H,

e up to now Fermi surface determination only in the
polarized state, H // [001] incomplete

e determination of Fermi surface in “heavy fermion” state
below H, still missing



The End

of correlated electrons in Inac ?



