Chiral Fermion on Curved Domain-wall
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Domain-wall and edge states
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Fig 1: Edge state localized at the
domain-wall.
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Motivation

EIBARIE AR FICEN o 7= domain-wall Z12HAL T & T, H-
7=ZERI®D fermion ZI8F TERILT 3.

Embed as
domain-wall
(Nash [1956]) 0

o K

Euclidean lattice space

Curved space

Cf. Brower et al. [2017] and Ambjgrn et al. [2001] studied on triangle lattices.



Embedding a curved space
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Our Work
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Cf. Similar studies in condensed matter physics [Imura et al. [2012],
Parente et al. [2011]].



Contents

St R2



Plan of this section
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Fig 2: Continuum Case

Fig 3: Lattice case 10



Dirac op in Continuum case
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Edge states
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Fig 4: Edge state when
M = 5,7’0 =1l
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Effective Dirac op

Curved domain-wall

Cf. flat S*
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Lattice domain-wall fermion
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Fig 6: Edge state

Cf. Kaplan [1992] studied a flat domain-wall in R?7+1
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Continuum Limit
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Fig 7: the Dirac eigenvalue spectrum
normalized by the circle radius when
Ma = 07, To = L/4

L:Lattice size
a:lattice spacing
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Relative Error
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S? domain-wall
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Edge states and Their spectrum
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Effective Dirac op and Dirac op. of 5
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Cf. [Takane and Imura [2013]].
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Euler number of 5?2
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Induced gravity makes a gap in the spectrum.
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Fig 9: Spectrum of edge states when
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Lattice Domain-wall Fermion
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Edge states
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Spectrum in Lattice case
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Fig 13: Spectrum of edge states at S? when n = 16, M = 0.7.
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Summary
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Outlook
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Effective Dirac op

We consider a normalized edge state as

x(0)
e x(0)

00 2
/ drorp? =1, / doxTy =1 (19)
0 0

Yedge :P(T)< ): x(8 +2m) = x(0) (18)

and let 2rp* — 6(r — r9) (M — oo). Then we obtain

To 00 2
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Effective Dirac op Hg: !!
The factor % means induced spin connection.
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Effective Dirac op

We consider a normalized edge state as

0
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Effective Dirac op Hg2 !!
where L is an orbital angular momentum.



Effective Dirac op and Dirac op. of 5

The gauge transformation using
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Edge states are affected by the spin connection of the spherical
domain-wall [Takane and Imura [2013]].



Goal

Flat space
Embed S!, 5% into a square lattice. /= Ordinary lattice theory

ANNN~ i -
Curved domain-wall R

l Edge state

» Edge states appear !

Curved Space

» They feel gravity !




Motivation

It is too difficult to consider a lattice theory on a curved space.
If we use

» A square lattice
— A curved space can NOT
be approximated by it.

+ Triangulation [Ambjarn
et al. [2001]]
—Lattice regularization is
different from of lattice
gauge theory.

Fig 14: Triangulation of a toy'

'https://12px.com/blog/2014/02/delaunay/



Main result

» Edge states appear at the curved domain-wall,

» They feel gravity or curvature through the induced spin
connection.

Cf. Similar studies in condensed matter physics.[Imura et al.
[2012], Parente et al. [2011]].



Domain-wall and edge states

If the sign of mass is flipped as

(xr <0)

1
e(x):{ 1 (z>0)"

then localized states appear at

x=0.

Fig 15: Edge state localized at the
domain-wall.
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