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Frustration ⇒ spin liquids



Perfet S = 1/2 kagome ompounds

Herbertsmithite (see F. Bert's talk)

Zn-parataamite Cu

3

Zn(OH)

6

Cl

2

Kapellasite

Polymorph of Herbertsmithite,

R. H. Colman et al, Chem. Mater. 20 6897 (2008)

Important J

d

interation

O. Janson et al, PRL 101 106403 (2008)

2D behaviour



Experiments on kapellasite

◮
NMR → (Cu

0.73Zn0.27)3(Zn0.88Cu0.12)(OH)6Cl2,

◮
Magneti suseptibility and µ SR → gapless spin liquid state,

◮
Inelasti neutron sattering:
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◮
No Bragg peak

→ no long range order.

◮
No gap

◮
Intensity around 0.5A−1



High temperature series analysis

J

1

J

2

J

d

Analysis of

◮
the magneti suseptibility,

◮
the low temperature spei�

heat data

Results for kapellasite :

◮
J

1

= −12K (F),

◮
J

2

= −4K (F)

◮
J

d

= 15.6K (AF)

B. Bernu, C. Lhuillier, E. Kermarre, F. Bert, P. Mendels, R. H. Colman, A. S. Wills, PRB 87 155107

(2013)
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What is a regular state ?

Example: This state is not invariant by the translation T

1

, but it is by

T

1

followed by a global spin rotation R

S

.
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What is a regular state ?

We know the lattie and its symmetries S

R

, the spin spae and its

symmetries S

S

.

{S
i

}

{S′
i

}

X ∈ S

R

φ
X

∈ S

S

S

S

invariant

quantities

X

De�nition:

A lassial state is regular for the lattie symmetry X if there is a global

spin transformation φ
X

suh that the state is unhanged by φ
X

X .

LM, Lhuillier and Misguih, PRB 83, 184401 (2011)



How to �nd the regular states ?

The researh onsists in two steps.

Example of the kagome

lattie with Heisenberg

spins
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(2) Constraints on the spin state :
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Regular states on the kagome lattie

Ferromagneti state q = 0 state
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Regular hiral states on the kagome lattie

Otahedral state Cubo1 state Cubo2 state



Classial phase diagram for J
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≃ 0.5A−1

The low T phase in kapellasite is a spin liquid with short range

orrelations similar to the ubo2 state → hiral spin liquid

How to theoretially desribe this phase ?



Theoretial desription

In spin liquids, exitations are frational quasipartiles: spinons

(S = 1/2).

◮
bosoni desription → Néel phases and gapped spin liquids,

◮
fermioni desrition → gapped and non gapped spin liquids. (work

in progress with Samuel Bieri).

In both ases, all spin liquid phases an be listed using the projetive

symmetry group approah (Wen, 2002), and �uxes an be alulated and

used to identify similar phases obtained through di�erent approahes.

Taking into aount hiral spin liquids is something new and leads to still

unexplored phases !
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The Shwinger boson mean-�eld theory (SBMFT)

On eah site j , bosons with spin 1/2 ↑ (↓) are reated by a

†
j

(b

†
j

).
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Â

ij

→ MF → 〈Â†
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ij

〉Â†
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Regular states on the triangular lattie

Ferromagneti state q = 0 state

q = 0 umbrella state Cubo1 state



Regular states on the square lattie

Ferromagneti state. (π, π) Néel state. Orthogonal state.

V states. AF umbrellas F umbrellas


