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Introduction to Quantum Dimer Model (QDM)

Spin model
Spin d.o.f. are located in
the nodes of the lattice

H:JIZSi‘SiJrI

Stzot =0
Each spin belongs to only
one VBS

Number of particles: 2N,
Hilbert space: 22N
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Quantum dimer model

bonds of original lattice
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Plaquettes

QDM constraints:
No free nodes
Dimers do not touch

Number of particles: 3NV, — 2

Hilbert space: F(N,)
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QDM Hamiltonian

Hopy =Y —J (1 DS+ he)+o ([0S +EDa )

Plaquettes

o J-term flips dimers on the plaquetts HHH

o v-term counts the number of flippable plaquetts

o v — —oo maximally flippable state

[TITTL]

o v — 400 least flippable state

PBC -0 *—e *—e .- OBC I *—e I : I
o J = v Rokhsar-Kivelson point: Zero-energy ground state is an equal
weight superposition of all possible dimer coverings

Rokhsar, Kivelson, PRL 61,2376°88
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Mapping to Ising model

QDM Ising
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H[sing = ZU (Slzl + 2) (Siz+1 + 2) — QUSf — 2JSII

The mapping is exact for U — oo
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QDM constraint

1. Every lattice node belongs to one and only one dimer
o Dimers do not touch
o No free nodes

2. Dimers are only between nearest neighbors

v X

P TTD T
BESE NS EREENBENS
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Hilbert space

Size of the Hilbert space = number of dimer coverings

N |=[N1]x]+

H(N) = H(N — 1) + H(N

Martin-Delgado, Sierra, PRL 56, '97
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DMRG for QDM
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BN
Left environment
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Hilbert space
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Hilbert space

F)y=1 F(2)
FO)=1 F(1)
F(2)=2 F(3)
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Triviality of the leg tensors

0 —
?1 "_.1 Lo d H e / - I *
K : D . \ P S
~— u — ety e—e
oo \Jo b oe FEBEY

Exists a basis, in which leg tensors are the identity matrix

Natalia Chepiga (UCI) 28 February 2018

A SOUSISSSIEESERY .

10 / 38



Fusion rules
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Fusion rules
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Spin-1/2 Quantum dimer ladder

Plaquettes

Hopu =) —J (1 D21+ hee) + o (20 + 1D )




Trimerization

Hopwm = Z

Plaquettes

0V — —
rung-dimer phase

[IIIT

0 v — +00
period-three phase

DD (pay
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Incommensurate short range order
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Incommensurate critical phase

v=-U/2
0 500 1000 1500 2000
J

2500 3000

Incommensurate algebraic order?

[m] = = =

DAy
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BN
Hard bosons
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BN
Mapping between the hard bosons and QDM

Hyp = Z —w(d + d;) +Unj 4+ Vnjnjio,
J

Hpyp = E
Plaquettes
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Phase diagram

T <. T
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Incommensurate critical phase

U=—15 V = 5.287
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Incommensurate critical phase
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Algebraic decay of the Friedel oscillations
: cos(qj + o)
[N, sin(mj/N,)]

Numerical results: d =~ 0.15, g =~ 0.687
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Incommensurate critical phase. Central charge
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Incommensurate critical phase. Phase boundaries
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Phase diagram
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Incommensurate critical phase above Potts point

V =20; U= —2.082
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Step aside:
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Excitation spectrum with DMRG




BN
Excitation spectrum with DMRG/MPS
sector

@ The excited state is the ’ground-state’ of the different symmetry
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Excitation spectrum with DMRG/MPS

@ The excited state is the ’ground-state’ of the different symmetry
sector

@ Conventional DMRG: Mixed states

o The ground-state is spoilt
o Heavy memory usage
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Excitation spectrum with DMRG/MPS

@ The excited state is the ’ground-state’ of the different symmetry
sector

@ Conventional DMRG: Mixed states

o The ground-state is spoilt
o Heavy memory usage

® MPS: Construct the lowest-energy state orthogonal to the
previously constructed ones
o Time consuming
o Accumulation of the error

There is a cheaper option:

Sometimes it is sufficient to target multiple eigenstates of the
effective Hamiltonian and keep track of the energies as a
function of iterations [NC, Mila, Phys.Rev.B 96, 054425 (2017)]
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Effective Hamiltonian

D D
! Approximate l ! ! !
: : : basis :
; ; d ;
ij;'ﬁ;llj[';ll:l;lﬁ;lt;ljljd”xd]\’
Hamiltonian
: : : : n n+1

\ Truncation and -~

rotation of the basis

Hamiltonian is written in a truncated and rotated basis selected for the
ground state

Natalia Chepiga (UCI)
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BN
When does it work?

o Localized excitations

o MPS is the same except for a
few sites

Impurity
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When does it work?

Edge states
o Edge spins are entangled - - - - 5(
through the entire network

B B
o All edge states are in the basis (§® T) b (§® i)

v

Local impurities
o Localized excitations

o MPS is the same except for a
few sites
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When does it work?

Critical systems
o Divergent correlation length
o Slow decay of Schmidt values

o Special structure of spectrum

SEESEEE:

o’

Edge states

o Edge spins are entangled
through the entire network

o All edge states are in the basis

10-10

Singular value

101

100 —=——

- Critical
e
Y

Gapped v,

10°

’

Local impurities
o Localized excitations

o MPS is the same except for a
few sites
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Transverse field Ising model
H=> JSISl, +hS;

o Critical at h = J/2
o Solved by Jordan-Wigner transformation
o Corresponds to the minimal model (4,3) in CFT

Natalia Chepiga (UCI) 28 February 2018 29 / 38



Transverse field Ising model. Excitation spectrum

sweep 1 sweep 2 sweep 3 sweep 4
31.6 1 o Mt o -
3165 .
B R
i N7\ | N | NN
NI RN — N — N N I A
_31.7.\/& J/LJ&J I\ I\ ]
N IR—IC j}ﬁ\.\ in( yj 1o }n‘ Ik };

-31.75 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800

Iterations

o 30 states within a single run!
o Flat modes signal convergence NC, F. Mila, Phys. Rev. B 96, 054425'17
=} (=) = E E 9Dad
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Phase diagram
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Tricritical Ising point
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Tricritical Ising point
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Tricritical Ising point
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Spin-1

J1 — Joy — J3 model

zig-zag chain
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Fusion rules
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Hilbert space:

o O-sector: F(n, —1)
o l-sector: F(n, —1)
o 2-sector: F(n, — 2)

Total: F(n, + 1)
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Fusion rules
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Spin-1 zig-zag chain

J1 — JQ — J3 model
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Plaquettes
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Conclusions

o We show how to implement QDM constraint into DMRG

o Powerful toy model to simulate non-magnetic quantum phase
transitions

o Easy to generalize to any kind of strong local constraints

o In quantum dimer ladder transition between rung dimer and
period three phase is through an intermediate incommensurate
critical phase

o In hard-bosons model critical incommensurate phase appears
below and above Potts critical point

o Boundary-field correspondence for tri-critical Ising point
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