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Composite Quasiparticles

Ingredients

local moments (f -electrons) periodic lattice

conduction electrons (s,p,d)

Kondo effect

HK ∝ −J~S~s
Heavy quasiparticles

paramagnetic

Landau Fermi Liquid

  

RKKY Interaction

HRKKY ∝ −Iij ~Si
~Sj

magnetically ordered

I ij

Rij
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Quantum Critical Point
 

TRKKY ∼  J 2

|J|

TKondo ∼  e-1/J

T

T

δ

T
LFL

T
N

QCP
AFM

Doniach, Physica B+C 91, 231-234 (1977)

Exchange interaction J between
conduction and f -electrons

weak J RKKY dominates:
AFM ground state

crit. Jc continuous phase
transition at T = 0: QCP

strong J Kondo effect dominates:
paramagnetic Heavy
Fermi Liquid
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Quantum Critical Point
Spin-Density-Wave

Quasiparticles stay intact

T

δ

no dynamical E/T -scaling

Fermi Surface: continuous

Hertz, Millis, Moriya

Coleman, Pépin, Senthil, Si, Vojta, Kirchner
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Fermi Surface and dynamical scaling

Fermi Surface

PhotoElectron Spectroscopy

de Haas-van Alphen effect

Hall effect

Dynamical Scaling

Inelastic Neutron Scattering

optical spectroscopy

PES

. . .
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YbRh2Si2

YbRh2Si2
structure tetragonal

CEF effective S = 1/2 ground state

T0 ≈ 25 K

AFM TN = 70 mK

QCP field induced at
Bc2 = 60 mT for B ⊥ c
Bc1 = 0.66 T for B ‖ c

NFL non-Fermi liquid above the QCP
e.g. ρ ∝ T

T 
(K

)
B (T)

NFL

LFLAFM

∆ρ ∝ T n

n

Custers et al., Nature 424, 524 (2003).
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Hall Effect at the QCP

Crossed-Field
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B1 Hall Field
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Hall effect in YbRh2Si2
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Pressure and Substitution Effects
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Energy Scales under Pressure
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Global Phase Diagram
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7 % Co AFM within Kondo regime

6 % Ir Detachment of magnetic and electronic QCP y SL?

YbRh2Si2 accidental coincidence?

Sven Friedemann Beijing 2012 10



Outline

1 Kondo breakdown in YbRh2Si2

2 1D Electronic Structure of YbNi4P2

3 Summary
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Ferromagnetic Quantum Criticality in Metals

T

H

p

Theory

1 FM QCP in metals
JA Hertz, PRB 14 1165 (1976)

2 No FM QCP in clean metals
with itinerant magnetism in
d ≥ 2
D Belitz, et al., PRL 82 4707 (1999)

3 No FM QCP in metal with
uniform magnetisation (Ferro-,
Ferri-, Canted Ferromagnets,
and local moment FM)
TR Kirkpatrick and D Belitz, arxiv:1203.3826 (2012)

Sven Friedemann Beijing 2012 10



Ferromagnetic Quantum Criticality in Metals

T

H

p

Theory

1 FM QCP in metals
JA Hertz, PRB 14 1165 (1976)

2 No FM QCP in clean metals
with itinerant magnetism in
d ≥ 2
D Belitz, et al., PRL 82 4707 (1999)

3 No FM QCP in metal with
uniform magnetisation (Ferro-,
Ferri-, Canted Ferromagnets,
and local moment FM)
TR Kirkpatrick and D Belitz, arxiv:1203.3826 (2012)

Sven Friedemann Beijing 2012 10



Ferromagnetic Quantum Criticality in Metals

T

H

p

Theory

1 FM QCP in metals
JA Hertz, PRB 14 1165 (1976)

2 No FM QCP in clean metals
with itinerant magnetism in
d ≥ 2
D Belitz, et al., PRL 82 4707 (1999)

3 No FM QCP in metal with
uniform magnetisation (Ferro-,
Ferri-, Canted Ferromagnets,
and local moment FM)
TR Kirkpatrick and D Belitz, arxiv:1203.3826 (2012)

Sven Friedemann Beijing 2012 10



YbNi4P2

Projection along c

ZrFe4Si2 structure type
P42/mnm

Projection along (110)

isolated Yb chains along
c-direction
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YbNi4P2 – Kondo lattice

C Krellner et al., New Journal of Physics 13, 103014 (2011)

Kondo coherence in resistivity below 30 K

Large Thermopower peak around 30 K

→ Kondo lattice with strong correlations

Kondo temperature TK ≈ 8 K (from entropy)
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YbNi4P2 – LDA calculations

crystal structure
1D Yb chains
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LDA calculations with spin-orbit corrections

frozen 4f core – uncorrelated band structure

strong contribution from Ni-3d states

yet no magnetism arising from Ni
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YbNi4P2 – quasi 1D electronic structure

crystal structure
1D Yb chains

quasi 1D Fermi surfaces
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YbNi4P2 – Magnetoresistance
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pronounced plateaus

steps at 6 T and 18 T

possibly Lifshitz transitions
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YbNi4P2 – Shubnikov de Haas Oscillations
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Summary

Quasiparticle Breakup
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