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What's this?

D-brane J
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Topological phase

@ characterized by topological number

@ ex.) (integer) quantum Hall effect
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Wavefunction topology

@ ex.) Massive Dirac fermion in d =2 (d = 2 IQHE)
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e Topological #: the base (p-space) to the Hilbert space
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o Topology change: Av=+1 at m=0
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Wavefunction topology

@ ex.) Massive Dirac fermion in d =4 (d = 4 IQHE)
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e Topological #: the base (p-space) to the Hilbert space
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o Topology change: Av=+1 at m=0
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o Topological solitons in momentum space
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topological soliton
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Nahm construction of monopole

e “Diraceq’: Viu(6)=0 w/ VIi= ng +io; (SUZ - Ti(ﬁ))

@ Nahm eq: CZTZ = ieijijTk

1 .
e BPS monopole: 9;®(x) = §eiijJk(a;)
where
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Schrodinger eq = “Dirac eq”

@ Schrodinger eq in d = 2

[th —H(p )] v(t) =0 (Wick rotation: it = &)

o Correspondence: (x1,x9,x3) <— (p1,p2, m)

o Magnetic flux
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The role of ®

QO Viu=0 & Vnggie (eigen eq: H(p)v =€(p)v )

(2] @-/dfvffva:l:i (e(p):\/132+m2>

@ D1-D3 brane system
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Summary

@ Topological number from electron wavefunction
@ Topological charge in momentum space
@ Topological soliton in momentum space

@ Nahm's ®: D-brane shape & band spectrum
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Generalizations

D1

/S

d =2 QHE (monopole)

chiral edge state (QHE)
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Edge state

© Topology changes at the boundary
@ Mass flips at the boundary

© Domain-wall mass configuration
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Edge state

e Mass profile: m(z1) = 6x;

e Hamiltonian: H = pio2 + peo3 + m(z1)o1

pa V20al o1 .
— = =—(0
= o "= g Pt i)
0 is...
@ noncommutativity: [z, 23] = —if  (z1,23) <> (p1, M)

@ magpnetic field: § = B

Nahm construction in noncommutative space
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@ Nahm eq in noncomm sp:
d ) ok
CTgTZ = ’leijkTJT —0 51‘2
@ Dirac eq:
L o+ o | v =0
df g9 o;xr | V=

@ Nahm’'s ® and band spectrum as D1-brane
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chiral edge state tilted D1-brane
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Generalization: additional symmetry

@ Time-reversal symmetry: © = —ioe ® K

OH(p)© = H(-p)

o Topological classification: QHE (Z) —— QSHE (Z)

@ Band spectrum and D1-brane

helical edge state
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Summary & discussion

@ Topology of electron & soliton in momentum space

@ Nahm’s ®: D-brane shape & band spectrum

@ Another construction of topological system [Ryu-Takayanagi|

@ Non-perturbative study of D-brane to cond-mat physics
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