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Physical Motivations

No magnetic long range order

Mott Insulators Metals

High Tc
Superconductors

General scheme of frustrated systems

Cooling

Doping

??
J<0 J>0

Frustration:

Anderson (87)

�Si.Sj� � e−
(ri−rj)

ξ

∆s =
(ri − rj)

ξ/a

Even at T=0K 

SU(2) is preserved

Shastry & Sutherland (81)



Some examples: SrCu2(BO3)2

Spin gap at low T, singlet GS and new bosonic quantum phases!
Shastry & Sutherland (81), Kageyama et al. (2005)

• Bose-condensation of triplets
• Static dimer background
• Exotic phases: SF, SS

Orthogonal dimers

χ(T ) � T−1/2e−∆s/T



Rokhsar-Kivelson Models
Effective models derived from microscopic systems
• Heisenberg

• Spin-orbital

• Trimerized Kagomé lattice

Rokhsar & Kivelson (88), Moessner & Sondhi (01)

Vernay, AR, Becca, Mila (06)

Zhitomirsky (04)
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Quantum Dimer Model: projection onto the singlet subspace

α =
1√
2

= α(| ↑↓� − | ↓↑�)

Oφ,ψ = Id + 2α
4
A + 2α

6
B + · · ·

Truncate at the 4th order:

Sutherland (88)

⇒Only loop of length 4!
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• v: Potential term

• t4: Kinetic term ⇒	 Competition

t4=v ⇒	 RK point: Factorization of the Hamiltonian!
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t4=v ⇒	 RK point: Factorization of the Hamiltonian!
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GS: A|Ψ� = 0 ⇒ |Ψ� =
1√
N
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|c� ⇒ RVB liquid

Rokhsar & Kivelson (88)

Anderson (73)

RK Models: Quantum GS coincides with the classical equilibrium

|)−t4(|



Rokhsar-Kivelson Models
In a more general ground

H = v(| �� ��| + | �� | + | �� |)

? RK

Columnar Plaquette Staggered

• Rich phase diagram: Exotic phases, non-conventional behavior

Rokhsar & Kivelson (88)
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Rokhsar-Kivelson Models
In a more general ground

H = v(| �� ��| + | �� | + | �� |)

? RK

Columnar Plaquette Staggered

• Rich phase diagram: Exotic phases, non-conventional behavior

• After 20 years, still not a clear answer for the ground state!

?
Rokhsar & Kivelson (88)

v

t4

|)−t4(|



Long time conflicting results
For several systems, same studies give ≠ results

Columnar

• Square QDM: Plaquette-Columnar transition point?

• Square Heisenberg AF: Nature of the gapped phase?

Plaquette



Long time conflicting results
For several systems, same studies give ≠ results

Columnar

• Square QDM: Plaquette-Columnar transition point?

• Square Heisenberg AF: Nature of the gapped phase?

PlaquetteMixed?

• Effective field theory in term of Height Models

• Microscopic realization on Heisenberg systems

Break both translations and π/2 rotations



Height representation of the QDM
From RK (classical) to quantum case

• Gauss Law:

• Realized by chosing a good gaugeϕ

• Defining the height variable h:

∇.E = 0

�
φ = 0

E = ∇× h

z-1

-1
-1
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Henley (03)
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Height representation of the QDM
From RK (classical) to quantum case

• Gauss Law:

• Realized by chosing a good gaugeϕ

• Defining the height variable h:

∇.E = 0

�
φ = 0

E = ∇× h

3 4 3

2 1 2

3 0 -1

• Columnar: <h> = half integer

• Plaquette: <h> = integer

z-1

-1
-1

-1

Henley (03)

Fluctuating 2D brane ⇒ effective field theory

1 to 1 mapping between dimers and heights



Height representation of the QDM
Coarse-graining of the h variable

One can obtain a d=2+1 effective field theory:

S =
�

dτd2x
�
(∂τh(r))2 + ρ(∇h(r))2+λ cos(2πh(r))+µ cos(4πh(r))

�
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Height representation of the QDM
Coarse-graining of the h variable

One can obtain a d=2+1 effective field theory:

S =
�

dτd2x
�
(∂τh(r))2 + ρ(∇h(r))2+λ cos(2πh(r))+µ cos(4πh(r))

�

Dynamical energy

Locking potential that considers roughness

New quartic term in the expansion

Searching for uniform configuration h = cste
• Only the mean value is relevant to distinguich the phases

• Competition between two simple terms:

S � λ cos(2π < h >)+µ cos(4π < h >) = 0



Height representation of the QDM

First case: µ=0 (old case)

• λ>0: <h> = half integer                           Columnar

• λ<0: <h> = integer                                  Plaquette

• λ=0: <h> = ∀                                           Continuous deg.

S � λ cos(2π < h >)+µ cos(4π < h >) = 0
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• λ>0: <h> = half integer                           Columnar

• λ<0: <h> = integer                                  Plaquette

• λ=0: <h> = ∀                                           Continuous deg.

S � λ cos(2π < h >)+µ cos(4π < h >) = 0

Second case: µ≠0

0 0.1 0.2 0.3 0.4 0.5

h

-1

-0.5

0

0.5

1

µ
 >

0

-1

-0.5

0

0.5

1

µ
 <

 0

µcos(4!h)

"cos(2!h)

• µ<0: lift of the continuous deg.

1st order transition scenario

• µ>0:Competition!

2πh =






0, if λ < −4µ

π, if λ > 4µ

arccos(−λ/4µ), if |λ| < 4µ



Height representation of the QDM

First case: µ=0 (old case)

• λ>0: <h> = half integer                           Columnar

• λ<0: <h> = integer                                  Plaquette

• λ=0: <h> = ∀                                           Continuous deg.

S � λ cos(2π < h >)+µ cos(4π < h >) = 0

Second case: µ≠0

• µ<0: lift of the continuous deg.

1st order transition scenario

• µ>0:Competition!

2πh =






0, if λ < −4µ

π, if λ > 4µ

arccos(−λ/4µ), if |λ| < 4µ

Mixed phase!

AR, D. Poilblanc & R. Moessner PRL (08)

• Continuous extrapolation

• 2nd order phase transition



Mixed phase in Heisenberg systems
A Generalized QDM for the square Heisenberg AF

J1 J2

J3

Only for specific values of J1 -J2 -J3

Attempting to characterize spin-1/2 systems with RK models

When the true GS is made of dimer coverings
Mambrini et al. (05)

H = J1

�

nn

Si.Sj + J2

�

nnn

Si.Sj + J3

�

nnnn

Si.Sj



Mixed phase in Heisenberg systems
New systematic procedure for deriving effective models

2

Processes O H Heff = O−1/2HO−1/2

Id 1 0 0

∅ ∅ 2(J1 − J2)α
4

α2 2(−J1 + J2)α
2 −2 (J1 − J2) α2

`
1 + α4

´

α4 2(−2J1 + 2J2 + J3)α
4 2 (−J1 + J2 + J3) α4

α4 4(−J1 + J2)α
4 0

α6 2(−3J1 + 3J2 + J3)α
6 0

α6 2(−3J1 + 3J2 + 2J3)α
6 2 (−J1 + J2 + J3) α6

α6 2(−3J1 + 3J2 + 2J3)α
6 (−J1 + J2 + 2J3) α6

α6 2(−J1 + J2)α
6 0

∅ ∅ (J1 − J2 − J3) α6

TABLE I: Expansion of O, H and Heff up to order α6. Note that
the effective hamiltonian contains only local (connected) processes.
Some processes (marked as ∅) does not appear in O or H, but are
produced in Heff by contractions of the generically non-commuting
terms of the expansion (see appendix B for details).

solving the generalized eigenvalue problem H|ϕ� = EO|ϕ�,
while the orthogonalization required in step (ii) is conve-
niently achieved by defining Heff = O−1/2HO−1/2.

Using a convention where all bond singlets are oriented
from sites A to sites B according to the canonical biparti-
tion of the square lattice, the overlap matrix can be written
as Oϕ,ψ = αN−2nl(ϕ,ψ) where N is the size of the system,
nl(ϕ, ψ) the number of loops in the ovelap diagram obtained
by superimposing the two configurations, and α = 1/

√
2.

On the other hand, �ϕ|Si.Sj |ψ� = ε�ϕ|ψ� with ε = −3/4
(resp. ε = +3/4) if i and j belongs to the same loop of the
overlap diagram but belong to distinct sublattices (resp. be-
long to the same sublattice) and ε = 0 if i and j belongs to
two distinct loops. Using a convenient scaling and shifting
H → (4/3)H + J1N/2 of the Hamiltonian (1), the matrix
elements �ϕ|H|ψ� can be expressed as Hϕ,ψ = hϕ,ψOϕ,ψ

where hϕ,ψ only depends of the loops configuration. In par-
ticular, this convention enforces hϕ,ϕ = 0 for all ϕ.

It is then possible to expand O and H in powers of α and
compute Heff = O−1/2HO−1/2 accordingly as shown in ta-
ble (I) up to α6. The expansion up to α8 as well further tech-
nical details of the calculation are given in the appendix B. It
is worth mentionning two peculiarities of this expansion : (i)
contrary to several previous approaches10,12,13 our expansion
is not controlled by the length of the loops, but by the actual
amplitudes of the overlap matrix elements that only depend
on the overall number of loops in the overlap diagrams, (ii)
all non-local and disconnected processes appearing in both H
and O cancel in the expression of Heff.

Let us discuss the results of this expansion. When trun-
cated up to order α2, we recover the usual hamiltonian ob-
tained in [10] with v/|t4| = α2 = 1/2. Note that such a
drastic truncation appears a bit pathological in the sens that it

Γ, A1 Γ, B1 M, A1 K, A1 K, B1 QB Q2 Q3

Col.
√ √ √

Pla.
√ √ √

CP1
√ √ √

(×2)
√ √

CP2
√ √ √ √

CP3
√ √ √ √

T
√ √ √ √

TABLE II: Quantum numbers of the eigenstates collapsing towards
the same degenerate GS for each of the ordered phases considered in
this paper. When applicable, we used the standard notations for the
irreducible representations of the C4v and C2v point groups, whose
elements are defined w.r.t. a plaquette center. Definitions of the Γ, M
and K points in the Brilloin zone are given in Fig. 2. (×2) denotes an
additional first excited level (denoted by * in the text) in the (M, A1)
sector. The states with momenta QB = (±2π/3, 0), (0,±2π/3),
(π,±2π/3), (π,±2π/3), Q2 = (±π/2, π), (π,±π/2), Q3 =
(±π/2,±π/2) are even under reflection w.r.t. the momentum di-
rections. The degeneracy of the pure columnar or plaquette (mixed)
phases is 4 (8) and it is 12 for the trimerized phase.

does not capture any aspect of the frustration of the original
model : v/|t4| is indeed independant of J2/J1. In the per-
spective of a justification of QDM model from the Heisenberg
model, non trivial effects emerge from order α4. Furthermore,
considering the last column of table (I) it is quite easy to see
that, in the maximally frustrated region of the phase diagram
(J2 + J3 ∼ J1/2) where the validity of the NN VB approach
have been established8, only the 3 processes retained in (2) are
dominant. Importantly, we find that t4 > 0 and t6 > 0 which
enable the use of efficient stochastic methods not applicable
to the original frustrated spin model which suffers from the so
called “minus sign” problem.

Variational analysis: We now turn to the investigation of
the effective Hamiltonian (2). We start with some discus-
sion of the expected VBC phases shown on Fig. 1. Reg-
ular columnar and plaquette phases have been introduced
in the context of the frustrated J1 − J2 model and of the
QDM14. More recently, an anisotropic mixed columnar-
plaquette phase has been introduced1. We consider here the
possibility of such phases which interpolate between the sim-
ple higher-symmetry VBC (such as columnar or plaquette).
Because of the presence of loop-6 dimer moves, we also
consider the possibility of a trimerization of the columns of
dimers. We summarize the quantum numbers of the degener-
ate GS of the various VBC in table II. This will be used further
in this paper to analyze the low-energy spectrum of Hamilto-
nian (2).

Before showing the results of an extensive numerical anal-
ysis, we first start with a simple variational analysis. Indeed,
variational ansatze for the VBC phases of Fig. 1 can be easily
constructed as tensor products of resonating plaquette states
(see appendix A) and the knowledge of their relative stabil-
ity provides a useful guide for the numerical search of VBC
(but is also subject to some artifact of the variational method).
For convenience, let us map the two-dimensional parameter

We reorganize the overlap expansion in term of same prefactors
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does not capture any aspect of the frustration of the original
model : v/|t4| is indeed independant of J2/J1. In the per-
spective of a justification of QDM model from the Heisenberg
model, non trivial effects emerge from order α4. Furthermore,
considering the last column of table (I) it is quite easy to see
that, in the maximally frustrated region of the phase diagram
(J2 + J3 ∼ J1/2) where the validity of the NN VB approach
have been established8, only the 3 processes retained in (2) are
dominant. Importantly, we find that t4 > 0 and t6 > 0 which
enable the use of efficient stochastic methods not applicable
to the original frustrated spin model which suffers from the so
called “minus sign” problem.

Variational analysis: We now turn to the investigation of
the effective Hamiltonian (2). We start with some discus-
sion of the expected VBC phases shown on Fig. 1. Reg-
ular columnar and plaquette phases have been introduced
in the context of the frustrated J1 − J2 model and of the
QDM14. More recently, an anisotropic mixed columnar-
plaquette phase has been introduced1. We consider here the
possibility of such phases which interpolate between the sim-
ple higher-symmetry VBC (such as columnar or plaquette).
Because of the presence of loop-6 dimer moves, we also
consider the possibility of a trimerization of the columns of
dimers. We summarize the quantum numbers of the degener-
ate GS of the various VBC in table II. This will be used further
in this paper to analyze the low-energy spectrum of Hamilto-
nian (2).

Before showing the results of an extensive numerical anal-
ysis, we first start with a simple variational analysis. Indeed,
variational ansatze for the VBC phases of Fig. 1 can be easily
constructed as tensor products of resonating plaquette states
(see appendix A) and the knowledge of their relative stabil-
ity provides a useful guide for the numerical search of VBC
(but is also subject to some artifact of the variational method).
For convenience, let us map the two-dimensional parameter

We reorganize the overlap expansion in term of same prefactors

Negligible
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while the orthogonalization required in step (ii) is conve-
niently achieved by defining Heff = O−1/2HO−1/2.

Using a convention where all bond singlets are oriented
from sites A to sites B according to the canonical biparti-
tion of the square lattice, the overlap matrix can be written
as Oϕ,ψ = αN−2nl(ϕ,ψ) where N is the size of the system,
nl(ϕ, ψ) the number of loops in the ovelap diagram obtained
by superimposing the two configurations, and α = 1/

√
2.

On the other hand, �ϕ|Si.Sj |ψ� = ε�ϕ|ψ� with ε = −3/4
(resp. ε = +3/4) if i and j belongs to the same loop of the
overlap diagram but belong to distinct sublattices (resp. be-
long to the same sublattice) and ε = 0 if i and j belongs to
two distinct loops. Using a convenient scaling and shifting
H → (4/3)H + J1N/2 of the Hamiltonian (1), the matrix
elements �ϕ|H|ψ� can be expressed as Hϕ,ψ = hϕ,ψOϕ,ψ

where hϕ,ψ only depends of the loops configuration. In par-
ticular, this convention enforces hϕ,ϕ = 0 for all ϕ.

It is then possible to expand O and H in powers of α and
compute Heff = O−1/2HO−1/2 accordingly as shown in ta-
ble (I) up to α6. The expansion up to α8 as well further tech-
nical details of the calculation are given in the appendix B. It
is worth mentionning two peculiarities of this expansion : (i)
contrary to several previous approaches10,12,13 our expansion
is not controlled by the length of the loops, but by the actual
amplitudes of the overlap matrix elements that only depend
on the overall number of loops in the overlap diagrams, (ii)
all non-local and disconnected processes appearing in both H
and O cancel in the expression of Heff.

Let us discuss the results of this expansion. When trun-
cated up to order α2, we recover the usual hamiltonian ob-
tained in [10] with v/|t4| = α2 = 1/2. Note that such a
drastic truncation appears a bit pathological in the sens that it

Γ, A1 Γ, B1 M, A1 K, A1 K, B1 QB Q2 Q3

Col.
√ √ √

Pla.
√ √ √

CP1
√ √ √

(×2)
√ √

CP2
√ √ √ √

CP3
√ √ √ √

T
√ √ √ √

TABLE II: Quantum numbers of the eigenstates collapsing towards
the same degenerate GS for each of the ordered phases considered in
this paper. When applicable, we used the standard notations for the
irreducible representations of the C4v and C2v point groups, whose
elements are defined w.r.t. a plaquette center. Definitions of the Γ, M
and K points in the Brilloin zone are given in Fig. 2. (×2) denotes an
additional first excited level (denoted by * in the text) in the (M, A1)
sector. The states with momenta QB = (±2π/3, 0), (0,±2π/3),
(π,±2π/3), (π,±2π/3), Q2 = (±π/2, π), (π,±π/2), Q3 =
(±π/2,±π/2) are even under reflection w.r.t. the momentum di-
rections. The degeneracy of the pure columnar or plaquette (mixed)
phases is 4 (8) and it is 12 for the trimerized phase.

does not capture any aspect of the frustration of the original
model : v/|t4| is indeed independant of J2/J1. In the per-
spective of a justification of QDM model from the Heisenberg
model, non trivial effects emerge from order α4. Furthermore,
considering the last column of table (I) it is quite easy to see
that, in the maximally frustrated region of the phase diagram
(J2 + J3 ∼ J1/2) where the validity of the NN VB approach
have been established8, only the 3 processes retained in (2) are
dominant. Importantly, we find that t4 > 0 and t6 > 0 which
enable the use of efficient stochastic methods not applicable
to the original frustrated spin model which suffers from the so
called “minus sign” problem.

Variational analysis: We now turn to the investigation of
the effective Hamiltonian (2). We start with some discus-
sion of the expected VBC phases shown on Fig. 1. Reg-
ular columnar and plaquette phases have been introduced
in the context of the frustrated J1 − J2 model and of the
QDM14. More recently, an anisotropic mixed columnar-
plaquette phase has been introduced1. We consider here the
possibility of such phases which interpolate between the sim-
ple higher-symmetry VBC (such as columnar or plaquette).
Because of the presence of loop-6 dimer moves, we also
consider the possibility of a trimerization of the columns of
dimers. We summarize the quantum numbers of the degener-
ate GS of the various VBC in table II. This will be used further
in this paper to analyze the low-energy spectrum of Hamilto-
nian (2).

Before showing the results of an extensive numerical anal-
ysis, we first start with a simple variational analysis. Indeed,
variational ansatze for the VBC phases of Fig. 1 can be easily
constructed as tensor products of resonating plaquette states
(see appendix A) and the knowledge of their relative stabil-
ity provides a useful guide for the numerical search of VBC
(but is also subject to some artifact of the variational method).
For convenience, let us map the two-dimensional parameter

Negligible

H = cos(φ) sin(θ)� �� �
v

+ cos(φ) cos(θ)� �� �
t4

+ sin(φ)� �� �
t6
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Processes O H Heff = O−1/2HO−1/2

Id 1 0 0

∅ ∅ 2(J1 − J2)α
4

α2 2(−J1 + J2)α
2 −2 (J1 − J2) α2

`
1 + α4

´

α4 2(−2J1 + 2J2 + J3)α
4 2 (−J1 + J2 + J3) α4

α4 4(−J1 + J2)α
4 0

α6 2(−3J1 + 3J2 + J3)α
6 0

α6 2(−3J1 + 3J2 + 2J3)α
6 2 (−J1 + J2 + J3) α6

α6 2(−3J1 + 3J2 + 2J3)α
6 (−J1 + J2 + 2J3) α6

α6 2(−J1 + J2)α
6 0

∅ ∅ (J1 − J2 − J3) α6

TABLE I: Expansion of O, H and Heff up to order α6. Note that
the effective hamiltonian contains only local (connected) processes.
Some processes (marked as ∅) does not appear in O or H, but are
produced in Heff by contractions of the generically non-commuting
terms of the expansion (see appendix B for details).

solving the generalized eigenvalue problem H|ϕ� = EO|ϕ�,
while the orthogonalization required in step (ii) is conve-
niently achieved by defining Heff = O−1/2HO−1/2.

Using a convention where all bond singlets are oriented
from sites A to sites B according to the canonical biparti-
tion of the square lattice, the overlap matrix can be written
as Oϕ,ψ = αN−2nl(ϕ,ψ) where N is the size of the system,
nl(ϕ, ψ) the number of loops in the ovelap diagram obtained
by superimposing the two configurations, and α = 1/

√
2.

On the other hand, �ϕ|Si.Sj |ψ� = ε�ϕ|ψ� with ε = −3/4
(resp. ε = +3/4) if i and j belongs to the same loop of the
overlap diagram but belong to distinct sublattices (resp. be-
long to the same sublattice) and ε = 0 if i and j belongs to
two distinct loops. Using a convenient scaling and shifting
H → (4/3)H + J1N/2 of the Hamiltonian (1), the matrix
elements �ϕ|H|ψ� can be expressed as Hϕ,ψ = hϕ,ψOϕ,ψ

where hϕ,ψ only depends of the loops configuration. In par-
ticular, this convention enforces hϕ,ϕ = 0 for all ϕ.

It is then possible to expand O and H in powers of α and
compute Heff = O−1/2HO−1/2 accordingly as shown in ta-
ble (I) up to α6. The expansion up to α8 as well further tech-
nical details of the calculation are given in the appendix B. It
is worth mentionning two peculiarities of this expansion : (i)
contrary to several previous approaches10,12,13 our expansion
is not controlled by the length of the loops, but by the actual
amplitudes of the overlap matrix elements that only depend
on the overall number of loops in the overlap diagrams, (ii)
all non-local and disconnected processes appearing in both H
and O cancel in the expression of Heff.

Let us discuss the results of this expansion. When trun-
cated up to order α2, we recover the usual hamiltonian ob-
tained in [10] with v/|t4| = α2 = 1/2. Note that such a
drastic truncation appears a bit pathological in the sens that it
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√ √ √
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√ √

CP2
√ √ √ √

CP3
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T
√ √ √ √

TABLE II: Quantum numbers of the eigenstates collapsing towards
the same degenerate GS for each of the ordered phases considered in
this paper. When applicable, we used the standard notations for the
irreducible representations of the C4v and C2v point groups, whose
elements are defined w.r.t. a plaquette center. Definitions of the Γ, M
and K points in the Brilloin zone are given in Fig. 2. (×2) denotes an
additional first excited level (denoted by * in the text) in the (M, A1)
sector. The states with momenta QB = (±2π/3, 0), (0,±2π/3),
(π,±2π/3), (π,±2π/3), Q2 = (±π/2, π), (π,±π/2), Q3 =
(±π/2,±π/2) are even under reflection w.r.t. the momentum di-
rections. The degeneracy of the pure columnar or plaquette (mixed)
phases is 4 (8) and it is 12 for the trimerized phase.

does not capture any aspect of the frustration of the original
model : v/|t4| is indeed independant of J2/J1. In the per-
spective of a justification of QDM model from the Heisenberg
model, non trivial effects emerge from order α4. Furthermore,
considering the last column of table (I) it is quite easy to see
that, in the maximally frustrated region of the phase diagram
(J2 + J3 ∼ J1/2) where the validity of the NN VB approach
have been established8, only the 3 processes retained in (2) are
dominant. Importantly, we find that t4 > 0 and t6 > 0 which
enable the use of efficient stochastic methods not applicable
to the original frustrated spin model which suffers from the so
called “minus sign” problem.

Variational analysis: We now turn to the investigation of
the effective Hamiltonian (2). We start with some discus-
sion of the expected VBC phases shown on Fig. 1. Reg-
ular columnar and plaquette phases have been introduced
in the context of the frustrated J1 − J2 model and of the
QDM14. More recently, an anisotropic mixed columnar-
plaquette phase has been introduced1. We consider here the
possibility of such phases which interpolate between the sim-
ple higher-symmetry VBC (such as columnar or plaquette).
Because of the presence of loop-6 dimer moves, we also
consider the possibility of a trimerization of the columns of
dimers. We summarize the quantum numbers of the degener-
ate GS of the various VBC in table II. This will be used further
in this paper to analyze the low-energy spectrum of Hamilto-
nian (2).

Before showing the results of an extensive numerical anal-
ysis, we first start with a simple variational analysis. Indeed,
variational ansatze for the VBC phases of Fig. 1 can be easily
constructed as tensor products of resonating plaquette states
(see appendix A) and the knowledge of their relative stabil-
ity provides a useful guide for the numerical search of VBC
(but is also subject to some artifact of the variational method).
For convenience, let us map the two-dimensional parameter

Negligible

Kinetic competition between loop-4 and loop-6

H = cos(φ) sin(θ)� �� �
v

+ cos(φ) cos(θ)� �� �
t4

+ sin(φ)� �� �
t6
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Symmetry classification of the expected phases
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• One has to access the correct symmetry sectors

• P+ operator

• P- operator
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Symmetry classification of the expected phases

Γ, A1 Γ, B1 M, A1 K, A1 K, B1 M, A1*

Columnar

Plaquette

Mixed

X X X

X X X

X X X X X X
 

 Γ

Γ

K
M

kx

ky

i

j
lk

• One has to access the correct symmetry sectors

• P+ operator

• P- operator

P± = didj ± dkdl

di =

�
1 if a dimer
0 if not

Numerical computation of the energy and the structure factors

• Exact Diagonalizations
• Green Function Quantum Monte-Carlo
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Eigen energy spectra by exact diagonalizations
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Mixed phase compatible
in a large domaine of θ

Need to go beyond the size effects
Green Function Quantum Monte Carlo

• Thermodynamic limit by finite size scaling
• Computation of the structure factor
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Structure factor in different symmetry sectors

M± =
1
L

�
�Ψ0|P±(−q)P±(q)|Ψ0�

�Ψ0|Ψ0�

• Large sizes, 16x16 sites

• M+: Plaquette order

• M-: Columnar order
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• Large sizes, 16x16 sites

• M+: Plaquette order

• M-: Columnar order

• In a large domain, both M+ and M- are non zero
Mixed phase driven by kinetic competition

• Tiny region where M+=0 and M- non zero
A pure plaquette phase is also present
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The microscopic singlet line lies in the mixed phase domain
First time that a mixed phase is observed in a microscopic spin-1/2 system
AR, M. Mambrini & D. Poilblanc, arXiv:0905.2039, to appear in PRB



Summary and Concluding Remarks

1- New kind of quantum spin liquid state has been evidenced

2- Rokhsar-Kivelson models: best candidates for these studies

3- New way of deriving effective constraint model

4- Application to an old conflicting system gives new insights

⇒ As in the QDM, the mixed phase scenario reconciliates 
previous conflicting results

Outlook

Find such phases in other systems: Kagomé AFM?


