Ott-Diagonal
ng Range Order
R Implies
“mhing Charge Gap

Hal Tasaki and Haruki Watanabe

brief infroduction @ YouTube / May 2021




[ general inequality that relates the long
range order (LRO) or the off-diagonal long
range order (OPLRO) with the charge gap in
a quantum many-body systems with U(1)
symwetry

[V applies to a very general class of systems
including interacting particles (bosons or
fermions) on lattice or in continuum, and
various quantum spin systems

[ different from the Goldstone theorem



fwo typical applications

interacting bosons
magnetization plateau




interacting bosons

bosons in a box (continvuwm or lattice) with volume Vv
N total particle number operator

H non-pathological Hamiltonian such that [A, N] = 0
ground state |GSn) q.S. energy ExWith N particles

charge gap i
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IGSn) has OPLRO o e o

Bose-Einstein condensate is always ‘compressible”



interacting bosons

s Edo
GSn) has OPLRO ~—s &> 5~ > const >0
Bose-Einstein condensate is always ‘compressible”

Ou

commensurate supersolid

example: soft-core Bose-Hubbard model with nearest-neighbor

repulsion on the cubic lattice  _ (number of sites)
i 2

Mott insulator phase

broken translation symmetry
no BEC

- o Supersolid phase

broken translation symmetry
BEC

Ohaoe, Suzuki, Kawashima 2012



magnetization plateau

quanfum spin system on a lattice with N sites
H,non-pathological Hamiltonian sueh that [Hy, 52,1 =0

GS,,) around state of St = 25 97
Hp = Ho — h 5{y M(h)} /
Szt |GSh) = M(h)|GSp)

when £ is within a magnetization plateav
3" GG {GSA (578 + §78Y)|GSh) < const N
L for any ¢; € R with € el

no long-range order in the xy directions



details

bosons in a hox
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summary

[ inequality that relates the long range order (LRO) or
the off-diagonal long range order (QPLRO) with the
charge gap in a large class of quantum many-body
systems with U(1) symwmetry

[ bosons or fermions on lattice or in continuum
»if the charge gap is nonzero there is no OPLR0

>if there is OPLRO the charge gap is vanishing and
the ground state is ‘compressible”

[ quantum spin systems
»a ground state within a magnetization plateau
does not have transverse LR0



