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Competition between AFM and Spin Glass
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Doniach’s diagram evolution
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Magnetic and Kondo correlations in Kondo Lattices





Kondo Cloud
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Ginzburg-Landau functional for 
KL model

P
ro

gr
am

:

• Represent spins in terms of semi-fermions
• Integrate out  the highest energies
• Introduce effective bosonic fields responsible for magnetic
(spin glass, spin liquid) correlations 
• Introduce effective „semi-bosonic“ fields describing Kondo
correlations
• Calculate a free energy taking into account Kondo corrections,
construct Ginzburg-Landau functional
• Derive new saddle point equations for magnetic (SL) transitions
• Include fluctuations

Advantages of semi-fermionic techniques

Proper accounts for spin statistics (no local constraint)

Correctly describes Kondo effect (no “Kondo condensate”)
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GL functional near AFM transition point

Kondo-AFM-SL

RKKY

( )2 cos 2 / 2
(2

1
)

F ijRKKY
i

F F ij
dj

k RJI I
k R

dπ

ε

⎡ ⎤−⎛ ⎞ ⎣ ⎦= = − ⎜ ⎟
⎝ ⎠

+



Spin Liquid

Resonating Valence Bonds



Antiferromagnetic transition
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Kondo screening suppresses AFM transition

Local-field corrections reduce the Neel temperature



RVB spin liquid crossover
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Kondo „antiscreening“ effectively decreeses SL free energy

Kondo scattering favors crossover to SL state



Doniach‘s diagram revisited
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GL functional near Spin Glass transition point

Kondo-Spin Glass

Nonmagnetic atoms
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Spin glass transition
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Local correlations reduce the spin-glass transition temperature

Kondo scattering screens Edwards-Anderson order parameter



Interplay between Kondo effect and SG 
transition



Interplay between AFM and SG transitions

AFM-Spin Glass • Kondo effect is absent
• Ising-like interaction between spins
• Large coordination number
(long-range interaction)

Spin Glass
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Stability of Replica-symmetric solution

AT-surface

de Almeida – Thouless Line



Electron-mediated correlations 
between Kondo Clouds

• dynamical effects far beyond mean-field description

• magnetically ordered Kondo Clouds

• universality vs. non-universality



Overlap between Kondo Clouds
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Beyond the mean-field
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Local and nonlocal corrections to magnetic 
susceptibility



Correlation between Kondo Clouds
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Conclusions

Kondo screening suppresses magnetic and 
spin-glass transitions
Kondo correlations enhance temperature of 

crossover to spin-liquid state
Correlations between Kondo clouds result in 
non-universal temperature dependence of 
static magnetic susceptibility


