
1855-11

School and Workshop on Highly Frustrated Magnets and Strongly
Correlated Systems: From Non-Perturbative Approaches to

Experiments

Didier Poilblanc

30 July - 17 August, 2007

Université Paul Sabatier, Toulouse, France

Mobile holes in frustrated quantum magnets



Mobile holes in frustrated 

quantum magnets

Mobile holes in frustrated 

quantum magnets

An IntroductionAn Introduction



To be covered in the book chapter:

• Mobile holes in frustrated quantum magnets

• Ordering phenomena at commensurate fermion
densities on frustrated geometries

• Doping Quantum Dimer Models

Covered in this Lecture



OUTLINEOUTLINE

• Basic notions on frustration 

- Some frustrated lattices 

- Quantum disordered phases (VBC & spin 

liquids)

• Some doping issues – Impurities and 

mobiles holes in VBC & spin-liquid hosts



The concept of frustrationThe concept of frustration

? ?
Topological origin Extended range interaction

For classical spins, one cannot minimize independently 

all bond (AF) interactions



Simple frustrated lattices

Reminder from previous lectures



Lattices of corner-sharing unitsLattices of corner-sharing units

Pyrochlore lattice Checkerboard lattice

Corner-sharing tetraedras in 3D & 2D

A lattice for theorists !



The Kagome latticeThe Kagome lattice

2D lattice of corner sharing triangles

Very high classical degeneracy !!



Quantum disordered phasesQuantum disordered phases

& Quantum Critical Point (QCP) scenario



(Fouet al.)
(Mila et al.)





Plaquette correlations in J1-J2-J3Plaquette correlations in J1-J2-J3

J2=0, J3=0.5 J2=0.1, J3=0.4 J2=0.2, J3=0.3

J3=0.2 J3=0.3 J3=0.4

Mambrini et al., PRB 74, 144422 (2006) 

(Exact diag. 32 sites cluster)



Deconfined Critical PointDeconfined Critical Point

Frustration 

AF
VBC

Beyond Ginzburg-Landau paradigm of phase transitions !

Senthil, Sachdev, Fisher et al.

Deconfined

spinons



Other proposal …

Melko & Kaul, arXiv:0707.2961

SSE-QMC



Doping frustrated magnets





Injecting a hole by ARPESInjecting a hole by ARPES



Kinetic frustrationKinetic frustration

singlet triplet

t-J model not particle-hole symmetric  => sign of t matters !

t>0 : E=-2t E=-t

E=-|t| E=-2|t|t<0 :

J=0

Nagaoka



Holon

Checkerboard ?? Kagome ??



Two emerging length scalesTwo emerging length scales

Frustration 

AF
VBC

QCP

Senthil et al.



Injected hole acts like a probe:

bare and dressed wavefunctions

Injected hole acts like a probe:

bare and dressed wavefunctions

Ground state of the Mott insulator

Remove a spin down at a given site O

Leaves behind a spin up polarization 

at a typical distance          from site O

Profile of spinon wavefunction



D.P. et al. PRB (2006)





Single hole Green functionSingle hole Green function

Use Lanczos continued-fraction method

“Bare” wavefunction

(Bloch state)









Summary / ConclusionsSummary / Conclusions

• Frustration + quantum fluctuations lead to 

exotic disordered GS (VBC, SL, …)

• Possible realization of exotic physics 

(Deconfined Critical Points, etc…)

• The doping issue might reserve many 

surprises but needs further investigations 




