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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

Mott insulator ~ ~~ Localized spins Heisenberg model
H=) J;5.5,
(4,7)
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

Mott insulator ~ ~~ Localized spins Heisenberg model
H=1 ;S5
(4,7)
Classical case Quantum case
S': vector S : Spin operator
Néel state Fluctuations:
N RE S;.8; = S8z + 5(S;S; +578))

Relevance of Quantum fluctuations ?
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

Spectrum

H=J) 5

(i,9)
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

2
Spectrum [S?W 7-[] =0 §t20t = Z S, SU(2) symmetry
H=1 Y 5.5 S2.|¢) = S(S+ 1)) with S=0,1,...,NS.
(i.9)
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2
Spectrum [S?W 7-[] =0 §t20t = Z S, SU(2) symmetry
H=1 Y 5.5 S2.|¢) = S(S+ 1)) with S=0,1,...,NS.
(i.9)

Néel state
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broken SU(2)
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

2
Spectrum [S?W 7-[] =0 §t20t = <Z §L> SU(2) symmetry
H=1% 8.5 2,0¢) = S(S+ 1)) with §=0,1,..,NS.
(i,9)
Néel state Magnetically
B N A disordered
broken SU(2) <§1§]> ~ eIl

restored SU(2)
Groundstate S =0
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

2
Spectrum [gfm. 7-[] =0 gfm = <Z §l> SU(2) symmetry
H=J) 5.5, S2.00) = S(S+1)[e) with S=0,1,...,NS.
(i)
Néel state Magnetically
g1 R e disordered
broken SU(2) (S5.5j) ~ eIl
A restored SU(2

)
Groundstate S =10

Spin gap
A~ J
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

2
Spectrum [gfm. 7-[] =0 gfm = <Z §l> SU(2) symmetry
H=J) 5.5, S2.00) = S(S+1)[e) with S=0,1,...,NS.
(i)
Néel state Magnetically
g1 R e disordered
broken SU(2) (S5.5j) ~ eIl
A restored SU(2

)
Groundstate S =10

Spin gap
A~ J

Low energy
Spin singlets
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

Singlet States S = 0

Valence Bond State
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L. Hulthén, Ark. Mat. Astron. Fys. A 26 (1938)
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Phenomenology of 2d frustrated antiferromagnets

Frustrated Heisenberg model
Low energy spectrum
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model

Low energy spectrum
Valence Bond States
Short Range RVB

Working with NNRVB states

M=t Y 5.5,
(i.7) Js /1

Highly frustrated regime
((i.4))
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

M. Mambrini, A. Laiichli, D. Poilblanc & E Mila, PRB 74 (2006)

Working with NNRVB states

H=r 35,5,
(4,9)
+Jo Z gi 5/ Highly frustrated regime
((i,5))
7.0y §.S
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Phenomenology of 2d frustrated antiferromagnets Frustrated Heisenberg model
Low energy spectrum

Valence Bond States
Short Range RVB

Working with NNRVB states H=>J;5:.5;
(i.9)
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Non-orthogonality
Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case

1

7 ([7ids) = 1)
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Effective hamiltonian : the J; — Jo — (J3) AF case

(pl) = a2l with o = !

V2
fermionic representation

N. Read & B. Chakraborty, Phys. Rev. B 40 (1989)
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Non-orthogonality
Effective hamiltonian : the J; — Jo — M .elements
Expansion

Fusion rules
Effective Hamiltonian

Bipartite lattices

1
E

[l
I |
o] L |
H+.+ m m t 3 bosonic representation
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(pl) = aN =29 with o =

5
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fermionic representation

(pl) = aVN 29 with o =
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Non-orthogonality
Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jgy —

Low energy singlets

H[p) = E O)
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Non-orthogonality
Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case

Low energy singlets

H[p) = E O)

Hermitic Hamiltonien
Orthogonal basis

fHeff _ 0—1/27_[0—1/2
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Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case

Low energy singlets Matrix elements
Hlv) = B Ol) .
Hermitic Hamiltonien l

Orthogonal basis 1
el — O-12910-1/2 <<P|§Si-5j|7/)> = fij(ol)

H :J| Z S‘LSJJ L] L] L] L] [ ] L]
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Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case

Low energy singlets Matrix elements

Hlv) = E Ol) .

Hermitic Hamiltonien l

Orthogonal basis 1
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Effective hamiltonian : the J; — Jgy —
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(ply) = aN72m) (p[Hp) = he g {(pl)
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Heﬁ;ol/QH‘O\l/Q
(ply) = aN72m) (p[Hp) = he g {(pl)

g2y 1-= [B

3
f
g
f

pHEE 6
(el

Matthieu Mambrini Generalized Quantum Dimer Models



Non-orthogonality
Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case
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Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

ZLI:N
1

Effective hamiltonian : the J; — Jg — (J:

<90|¢> _ OéN72nl(g) <,0|’U Haﬁz— HQO(L’

D.S. Rokhsar and S. A.Kivelson, Phys. Rev. Lett. 61 (1988)
C.Zeng and V. Elser, Phys. Rev. B 51 (1995)
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Non-orthogonality
. . . Matrix elements
Effective hamiltonian : the J; — Jg — (J:

Expansion
Fusion rules
Effective Hamiltonian

Processes  Overlap Hamiltonian Processes  Overlap Hamiltonian
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Non-orthogonality

. . A Matrix el t:
Effective hamiltonian : the J; — Jgy — E atre slements
xpansion

Fusion rules
Effective Hamiltonian

Processes  Overlap Hamiltonian Processes  Overlap Hamiltonian
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Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jgy —

r(1+7)
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Effective hamiltonian : the J; — Jgy —
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Matrix elements
Expansion
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Effective Hamiltonian

Effective hamiltonian : the J; — Jgy —
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Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case
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Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case
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Effective hamiltonian : the J; — Jo — (J3) AF case
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Effective hamiltonian : the J; — Jo — (J3) AF case

r(1+7)

Matthieu Mambrini Generalized Quantum Dimer Models



Non-orthogonality
Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case
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Expansion
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Effective Hamiltonian

Effective hamiltonian : the J; — Jgy —

Processes Weight Processes Weight
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Effective Hamiltonian

Effective hamiltonian : the J; — Jgy —

Processes Weight Processes Weight
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Matrix elements
Expansion
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Effective Hamiltonian

Effective hamiltonian : the J; — Jg — (J:

Processes Weight
@ -2 (Jl —.]2) ()é2 ((1'4+1)

2(J; — -]2)(744 ((14 + 1)
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Non-orthogonality
Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jo — (J3) AF case

Processes Weight

@ -2 (Jl —.]2) ()é2 ((14+1)

@ 2(J; — -]2)(7/l (CY4 + 1)
Recover RK at
lowest orders

14 2
—=a"=1/2
t]
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Non-orthogonality
Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jgy —

Processes Weight

@ -2 (Jl —.]2) ()é2 ((1'4+1)

@ 2 (Jy —-]2)(744 ((14-‘1—1)
Recover RK at
lowest orders

14 2
—=a"=1/2
t]

does not depend on the couplings...
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Non-orthogonality
. . . Matrix elements
Effective hamiltonian : the J; — Jo —

Expansion
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Effective Hamiltonian

Processes Weight

@ -2 (Jl —.]2) ()é2 ((1'4+1)
@ 2 (Jy —-]2)(744 ((14-‘1—1)

Recover RK at
lowest orders

v 2
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does not depend on the couplings...

First non trivial term

@ 1ot (J5 (5a +8) = (J1 = 12) (o + 8))
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Matrix elements
Expansion

Fusion rules
Effective Hamiltonian

Effective hamiltonian : the J; — Jgy —

Effective dimer model

o
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Non-orthogonality
. . . Matrix elements
Effective hamiltonian : the J; — Jo — (J3 3
Expansion

Fusion rules
Effective Hamiltonian

Effective dimer model
Hesr = V\E‘ - t.i\E‘ - t(iE’

V' = cos(¢) sin(f)
cos(¢) cos(0)
tg = sin(0)

-~
Il

A. Ralko, M. Mambrini & D. Poilblanc, PRB 80 (2009)
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Non-orthogonality
Effective hamiltonian : the J; — Jo — (J3) AF case Wi e

Expansion
Fusion rules
Effective Hamiltonian

Effective dimer model Microscopic model
Har =V 0| - O] - [ ] Hen Y5540 S 85+ Y 85
(i,3) ((@.4)) (@

sssssess
V' = cos(¢) sin(f) DAAAANA
ty = cos(¢) cos(0) “: e : : ¢000

tg = sin(0)

A. Ralko, M. Mambrini & D. Poilblanc, PRB 80 (2009)
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Non-orthogonality
. . . Matrix elements
Effective hamiltonian : the J; — Jo — (J3 3
Expansion

Fusion rules
Effective Hamiltonian

Effective dimer model Microscopic model
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Extensions

treat other SU(2) interactions
(multiple exchange,...)

include spinons, triplets
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