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Quantum Many-Body Systems
Quantum fluctuations can drive the system at T=0
into different quantum phases, and cause quantum phase
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LSM Variational Argument

Ground state H|Wo) = E|Wo)

(very complicated — we don't need to know it exactly
Its EXISTENCE s enoughl)
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LSM Variational Argument
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Does it mean anything?

U|¥o) could be (almost) identical to |¥o)

Are they different?
“fillng factor”
T]o) = eP|0g) (particle #/ site)
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Quantum Many-Body System (in ID) with ~ global U(l)
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Haldane “Conjecture” j

Haldane “Conjectur
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Gapless “Quantum Critical”
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Non-vanishing excitation gap (“Haldane gap")
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Against the “common sense” at the time = “conjecture”

Non-vanishing excitation gap (*Haldan
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Against the “common sense” at the time =
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Why Haldane Gap!
Standard(?) view:
topological term of the O(3) non-linear sigma model
Present only for half-odd-integer spin §
Intuitive(?) view:
half-odd-integer spin S; fractional (I12#integer) filing
Integer spin S:integer fillng — can be “trivia” insulator

M theorem to

many particle systems [Y: -Affleck 1997

m=(57) =

7ero magnetization (ground state of aneferromagnet)
m 2

LSM in arbitrary dimensions
LSM 1961, Affleck-Lieb 1985,M.0.-Yamanaka-Affleck 1997,
M. ©.2000, Hastings 2004,
Periodic (translation invariant) lattice = unit cell
U(1) symmetry = conserved particle number
v :number of particle per unit cell (filling fraction)
v=plg = “ingappability”
must be in a nontrivial phase!

- system is gapless
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- gapped with q-fold degenerate ground states
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