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1. Introduction



spacetime symmetry breaking

cosmology condensed matter

time-translation Poincare symmetry
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Nambu-Goldstone theorem

4 )
breaking of continuum symmetry

gapless mode (NG mode)

—

nonlinear rep of broken sym
\_ W,

é )
# internal symmetry in relativistic system

one gapless mode with

one broken symmetry < > . .
dispersion relation w = £

ex. pion as NG boson

SU(Q)L X SU(Q)R — SU(Q)V < > 7-‘-07 7'(':':

cf. recent progress in nonrela [Nambu *04, Hidaka *12, Watanabe-Murayama *12]
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NG field for spacetime symmetry

-

# mismatch in NG mode counting

ex. | string [Low-Manohar *02]

broken symmetries:
rotation & translation
% only one NG mode

ex.2 conformal symmetry
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A

fig. from Low-Manohar '02
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NG field for spacetime symmetry

-

# mismatch in NG mode Counting fig. from Low-Manohar *02

ex.1 string [Low-Manohar '02] ij —J\ % =
broken symmetries: v
rotation & translation B . -
% only one NG mode

ex.2 conformal symmetry ?5

string string

.
-

# massive “NG” fields in a nonlinear rep
ex. smectic A phase of liquid crystals

- translation and rotational symmetries are broken
™ & (1=1,2)

(/

- & : massive, in a nonlinear rep of rotation




-

# coset construction for spacetime symmetry :

- based on global symmetry viewpoints

- remove redundant NG fields by inverse Higgs constraint

- recently revisited (ex. inverse Higgs [Low+ '02, Endlich+ *13, Brauner+ '14],

causality [Creminellli+ *14], WZ terms [Delacretaz+ ’14])

-

\

in this talk, | discuss
effective theory from local symmetry point of view

- no redundant NG field from the beginning

- take into account massive “NG” fields also
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1. Introduction v/

2. Basic strategy

3. Single domain-wall
4. Physical applications

5. Summary and discussion



global symmetry vs gauge symmetry
~ Internal symmetry ~



# coset construction for internal symmetry breaking

-

consider an internal symmetry breaking G — H

b : residual symmetry
g=0hDa
a : broken symmetry

- NG modes 7 = coordinates of G/H

O = ™ @)Ta with T, € a (broken symmetry)

- iIngredients of effective action:

Maurer-Cartan one form J, = Q_lauﬂ

- effective action is local right H invariant

% coset construction provides general effective action




g
effective action for massive gauge boson A, :

1 V2
/d4gjtr {—@F“”Fw—gflaw‘lﬁ*-' with Aau ca

- g : gauge coupling, v: order parameter
- NG modes are eaten by gauge boson (unitary gauge)

dynamical dof = gauge field only




g
effective action for massive gauge boson A, :

4g
- g : gauge coupling, v: order parameter

1 V2
/d4:13t1‘ {——QF“’/FW — ?AaMAéf + ... | with Aau ca

- NG modes are eaten by gauge boson (unitary gauge)

dynamical dof = gauge field only

\_

r

introduce NG modes by Stuckelberg method:
A, — AL =0714,04+0719,Qwith Q=™ @7

% global symmetry limit can be obtained by setting 4, = 0




g
effective action for massive gauge boson A, :

4g
- g : gauge coupling, v: order parameter

1 V2
/d4:13t1‘ {——QF“’/FW — ?AaMAéf + ... | with Aau ca

- NG modes are eaten by gauge boson (unitary gauge)

dynamical dof = gauge field only

\_

r

introduce NG modes by Stuckelberg method:
A, = AL =071 4,04+0719,Q with Q=™ (@7
¢ global symmetry limit can be obtained by setting 4,, =0

A, —J,= Q_lﬁuﬂ in the unitary gauge effective action

4 1 v 4 v
/d x tr [—@F“’/FNV—EAQMAQ’“—I—...] —>/d T tr [—?JaﬂJg”Jr...

-




4 )
effective action for massive gauge boson A, :

1 V2
/d4gjtr {_@F“VFMV_?AaMAg+'” with Aa,u ca

- g : gauge coupling, v: order parameter

- NG modes are eaten by gauge boson (unitary gauge)

(" )
correspondence between global & local picture
\_ J
- same # of broken symmetries
4 )
introd - same effective action
\_ J

A, = AL =0714,04+0719,0with Q=" @7
% global symmetry limit can be obtained by setting 4, = 0

A, —J,= Q_lﬁuﬂ in the unitary gauge effective action

4 1 v 4 v
/d x tr [—@F”’/F#V—?AQMAQ’“—I—...] —>/d T tr [—EJangbJr...
\ y




local properties of spacetime symmetry



let us start from rotation around origin
difficult to write a figure well...

please let me use the blackboard



# local properties of spacetime symmetry

r

consider a spacetime symmetry associated with ©'# = x* — " (x)

its local properties around a point " = x!’ can be read off as

e'(x) = e'(xy) + (¥ — 2L) Vet (x) + ...

~N




# local properties of spacetime symmetry

r

consider a spacetime symmetry associated with ©'# = x* — " (x)

its local properties around a point " = x!’ can be read off as
e'(x) = e'(xy) + (¥ — 2L) Vet (x) + ...

- 1st term: shift of coord. system (translation)

~N




# local properties of spacetime symmetry

4 )
consider a spacetime symmetry associated with ©'# = x* — " (x)

its local properties around a point " = x!’ can be read off as
e'(x) = e'(xy) + (¥ — 2L) Vet (x) + ...
- 1st term: shift of coord. system (translation)
- 2nd term: deformations of coord. system
Ve =0, A+ s, +w,”
” - trace part )\ :isotropic rescaling

* symmetric traceless S,,,, : anisotropic rescaling

_* antisymmetric W, : Lorentz transformation




# local properties of spacetime symmetry

p
consider a spacetime symmetry associated with ©'# = x* — " (x)

its local properties around a point " = x%' can be read off as
e'(x) = e'(xy) + (¥ — 2L) Vet (x) + ...
- 1st term: shift of coord. system (translation)
- 2nd term: deformations of coord. system
Ve =0, A+ s, +w,”
“ - trace part )\ :isotropic rescaling

* symmetric traceless S,,,, : anisotropic rescaling

_* antisymmetric W, : Lorentz transformation

4 A
ex. special conformal on Minkowski space

Ve =26,(b-x)+2(b,x” — b,z")

locally, a combination of Poincare & isotropic rescaling
- Y




relativistic symmetry

diffeomorphism

local Lorentz

isotropic Weyl

translation v
isometry v v
conformal v v v

Table 1: Embedding of spacetime symmetry in relativistic systems.

nonrelativistic symmetry || foliation preserving

local rotation

(an)isotropic Weyl

internal U (1)

translation v
Galilean v v v
Schrodinger v v v v
(Galilean conformal v v v
Table 2: Embedding of spacetime symmetry in nonrelativistic systems.
4 )
as the local decomposition suggests,
any spacetime symmetry transformation can be embedded
into diffeomorphism, local Lorentz, (an)isotropic Weyl
g J




gauging spacetime symmetry



# gauging spacetime symmetry

global spacetime symmetry & diffeo x local Lorentz x local Weyl

-
- diffeo & local Lorentz

can be gauged by introducing curved spacetime action

/d4x£[<l>,6’m<l>] — /d4x —g L|®, el V,, P




# gauging spacetime symmetry

global spacetime symmetry & diffeo x local Lorentz x local Weyl

é )
- diffeo & local Lorentz
can be gauged by introducing curved spacetime action
/d4:1: L|P,0,P] — /d4x —g L|®, el V,, P
\_ _J
é )

- Weyl symmetry

1. Ricci gauging (not necessarily possible)
introduce a local Weyl invariant curved spacetime action

2. Weyl gauging (always possible)

gauge global Weyl symmetry by introducing a gauge field W,

J




EFT recipe



diffeomorphism local Lorentz local Weyl internal gauge

spacetime dependence spin scaling dimension internal charge

metric g, vierbein e’ Weyl gauge field W, gauge field A,

symmetry breaking pattern based on local symmetries:

can be classified by condensation patterns (& (x)) = & ()

( )
once symmetry breaking patterns are given or identified,

we construct the effective action in the following way:

éa )
1. gauge the (broken) global symmetry

2. write down the unitary gauge effective action

3. introduce NG modes by Stuckelberg method

. and decouple the gauge sector )
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3. Single domain-wall



classification by the spin of domain-wall condensation:

/
/

scalar domain-wall

nonzero spin domain-wall

scalar

nonzero spin

global picture

both translation &rotation are broken

local picture

diffs only

diffs &local rotation




nonzero spin domain-wall can be further classified:

/
/

scalar domain-wall

nonzero spin 1

> > |—> > “— | > —
> > |—> o> — | > —
> > |—> > — | > —
> > |—> > — | > —
> > |—> > — | > —
> > —> o> — | > —
> > |—> > — | > —
> > |—> o> — | > —
> > |—> > — | > —

nonzero spin 2

scalar nonzero 1 | nonzero 2
inside
o 111 £ S T T R S
. outside v v Vv
local i Inside v 4
rotation outside v v




effective action for NG fields



# diffs breaking: NG field 7

1
Sp :/d4x —ial(z)auwﬁ“ﬂ (5’Z7T)2

g (2)

/ % scalar domain-wall case

- diffs NG field 7 only

- diffs are broken only on the brane

/ - no kinetic term outside the brane

scalar domain-wall — NG mode does not propagate in the bulk

4 )
free functions follow from breaking pattern

ex. &; is nonzero only where diffs are broken
\_ J




# diffs breaking: NG field 7

. ]
Sp :/d4x —5041(,2)(%7?0“77 (5’z7T)2

g (2)

# local rotation breaking: NG field &z (i =t, 2, )

St = /d% { 515) (0365 — 0565)° 622(2) (8‘75,7)2 Ps

# exists only if both are broken

Spr, = / iz { m(2) (& — aﬁw)ﬂ

2

— mass term of &z and 7 - &z mixing

( )
free functions follow from breaking pattern

ex. &; is nonzero only where diffs are broken
\_ J




physical spectrum...



mass scale

A
thickness massive T massive T, {5 massive T
of the brane (bulk propagating) (bulk propagating) (bulk propagating)
Lorentz symmetry massive i massive i
breaking scale (localize) (bulk propagating)
mass less NG mode 7 localizing on the brane

scalar brane nonzero spin 1 nonzero spin 2
/ > — > —> > — | > —>
> > —> > «— €« | > —>
> > —> > «— €« | > —>
> = |—> > “— « | > —>
> = —> > «— €« | > —>
> = —> > «— €« | > —>
> > —> o> «— €« | > —>
> > |—> > — €« | > —>
> = —> o> — | > —>

scalar domain-wall nonzero spin 1 nonzero spin 2



mass scale

A
thickness massive T massive T, {5 massive T
of the brane (bulk propagating) (bulk propagating) (bulk propagating)
Lorentz symmetry massive i massive i
breaking scale (localize) (bulk propagating)
mass less NG mode 7 localizing on the brane

scalar brane nonzero spin 1 nonzero spin 2

-

\_

N
- NG fields can be massive for spacetime symmetry case

- same massless spectra, but massive spectra are different
- the mass scale is not necessarily high

- local picture is important at such an intermediate scale
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4. physical applications

4-1. inhomogeneous chiral condensate

4-2. cosmic inflation



4-1. inhomogeneous chiral condensate



# inhomogeneous chiral condensate (in QCD phase diagram?)

>

Quark-Gluon Plasma
sQGP

Critical

Temperature 7'

' Quarkyonic
Matter

- -
— o OO
-

-

-
——
-
-
-
-
"
-

-

Liquid-Gas

‘48

_ X CFL-KO, Crystalline CSC ' ' >
Nuclear Superfluid  \eson supercurrent Baryon Chemical Potential s
Gluonic phase, Mixed phase

(I B M I R I I I
=20 —10 i 1 20 Z
—09L
1.0+~

chiral spiral (complex) real kink

fig: Basar Dunne '08



# inhomogeneous chiral condensate (in QCD phase diagram?)

>

Temperature 7'

Quark-Gluon Plasma
sQGP

Critical

' Quarkyonic
Matter

fluctuations around the condensation?

- e.g. dispersion relations of NG fields

J

fig: Basar Dunne '08
chiral spiral (complex)

VU

real kink



# inhomogeneous chiral condensate (in QCD phase diagram?)

p
- effective action for NG field (nonrelativistic)

S = / d'z {O‘tz(z)# O‘(;)(am)Z ”(zz)(azw)uomﬂ

o a3 2D o]
[ o] Pmrou)

2

Z=—00

é )
- free functions of z: nonvanishing where translation is broken

- boundary term linear in @ (cf. vanishes for single domain-wall)

% nonvanishing () on the whole spacetime




# inhomogeneous chiral condensate (in QCD phase diagram?)

p
- effective action for NG field (nonrelativistic)

S = / d'e {O‘tz(z)# O‘(;)(am)Z ”;Z)(azw)uow)ﬂ

+/d% {O‘(QZ)W + O(WZ)} o

Z=—00

é )
- free functions of z: nonvanishing where translation is broken

- boundary term linear in @ (cf. vanishes for single domain-wall)

% nonvanishing () on the whole spacetime
— existence of condensate with lower energy (cf. tadpoles)

— a(z) = 0 for minimum energy condensate
. J




# inhomogeneous chiral condensate (in QCD phase diagram?)

-
- effective action for NG field (nonrelativistic)
S = / d*z [O"éz)ﬁ? 7(2””) (9.m)2 + O(x)?
é )
- dispersion relation: w? ~ c1 k2




# inhomogeneous chiral condensate (in QCD phase diagram?)

-
- effective action for NG field (nonrelativistic)

g _ /d4$ {atQ(Z)ﬁZ 7(22‘) (0.7)% + O(n)?

( )
: : e )2 2 2 4
- dispersion relation: w® ~ c1k; + cok k7| + c3k7

’ quadratic dispersion in the transverse direction to modulation




# inhomogeneous chiral condensate (in QCD phase diagram?)

p
- effective action for NG field (nonrelativistic)

g _ /d4$ {atz(Z)ﬁ2 7(22) (0.7)% + O(n)?

( )
: : e )2 2 2 4
- dispersion relation: w® ~ c1k; + cok k7| + c3k7

’ quadratic dispersion in the transverse direction to modulation

- thermal fluctuations generically kill the modulation

— constraint on volume and temp. for modulation to survive

(more detailed analysis in Hidaka-Kamikado-Kanazawa-Noumi to appear)
g Y,




4-2. cosmic inflation



Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

Quantu
Fluctuations

1st Stars
about 400 million yrs.

13.7 billion years

-

&

FRW spacetime ds? = —dt? + a(t)zde \
% local symmetry picture is convenient in cosmology
- cosmology = gravitational theory
- iIsometry is not fixed in gravitational theory
cf. dS: 3dim conformal SO(4,1), Minkowski: Poincare symmetry )




1. EFT approach for single field inflation [Cheung et al *07]
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4 .
- time evolution of inflaton breaks time diffs: (¢(x)) = ¢(t)




1. EFT approach for single field inflation [Cheung et al *07]
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4 .
- time evolution of inflaton breaks time diffs: (¢(x)) = ¢(t)

NG field = fluctuation of time (cf. inflaton is clock)

temp fluctuation (cosmic expansion cools down universe)




1. EFT approach for single field inflation [Cheung et al *07]
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- ¢ CMB temp fluctuation by Planck

PCMB qiend reheating

Ag

4 .
- time evolution of inflaton breaks time diffs: (¢(x)) = ¢(t)

NG field = fluctuation of time (cf. inflaton is clock)

= temp fluctuation (cosmic expansion cools down universe)

% NG field correlators are directly related to experiments




1.

EFT approach for single field inflation [Cheung et al *07]

V(9)
A 56 i
A A
_ .
o S reheating ¢ CMB temp fluctuation by Planck

Ag

-

\_

- time evolution of inflaton breaks time diffs: (¢(x)) = ¢ ()

NG field = fluctuation of time (cf. inflaton is clock)

= temp fluctuation (cosmic expansion cools down universe)

% NG field correlators are directly related to experiments

- provides a template for e.g. primordial non-Gaussianities

cf. effects of heavy fields on non-Gaussianity [Noumi-Yamaguchi-Yokoyama *12]

J




2. other local symmetry breaking patterns for FRW?

(

g

I”

let us recall “scalar domain-wall vs nonzero spin domain-wal
- same global symmetry structure, but different local one
- same massless spectra, but different massive spectra

inflation with same global/different local symmetry structure??

~

J




2.

other local symmetry breaking patterns for FRW?
éa )
let us recall “scalar domain-wall vs nonzero spin domain-wall”
- same global symmetry structure, but different local one
- same massless spectra, but different massive spectra
. inflation with same global/different local symmetry structure?? )

-

X diffs + local boost breaking [Delacretaz-Noumi-Senatore in progress]

- massive boost “NG” fields & time diffs NG 7

% massive fields with mass m < H affects inflation dynamics




2.

other local symmetry breaking patterns for FRW?

(

I”

let us recall “scalar domain-wall vs nonzero spin domain-wal
- same global symmetry structure, but different local one
- same massless spectra, but different massive spectra

inflation with same global/different local symmetry structure??

&

J

-

X diffs + local boost breaking [Delacretaz-Noumi-Senatore in progress]

- massive boost “NG” fields & time diffs NG 7

% massive fields with mass m < H affects inflation dynamics

- effects on ex. primordial non-Gaussianity I
time diffs NG MXing boost NG 63
T & o 3
W/F *\\W




5. Summary and prospects



p
# summary

- EFT approach for spacetime symmetry breaking
- from local symmetry picture
- spacetime symmetry € diffeo x local Lorentz x (an)isotropic Weyl

- effective action from gauge symmetry breaking

- global vs local picture of spacetime symmetry breaking

- vector branes — massive Lorentz NG modes

- local picture is necessary to take into account massive NG fields

- coset construction revisited

- MC one form vs connections

- classification of physical meaning of inverse Higgs constraints




p
# future directions

- application of EFT based on local picture

- cosmological applications ex. primordial gravitational waves

- inhomogeneous chiral condensate, liquid crystal, fluid dynamics ...
* more on nonrelativistic case

- finite temperatures, finite densities, ...

.




Thank you!



4. Coset construction revisited

4-1 MC form vs connections

4-2 Role of inverse Higgs constraints



4-1. MC form vs connections



origin of Maurer-Cartan one form

for internal symmetry breaking



# origin of MC forms [e.g. Weinberg’s textbook]

-

suppose that a condensation <<I>A> — & breaks G — H
g=a®h (a:broken, b : unbroken)

1. decompose the NG field dof as

d4 = Q450 with Q=¢"®) (7 € a: NG field)
2. its derivative is given by

0,04 = [0, + 29,0 p &”

% d, +J, < 0, + A, covariant derivative

- if we drop mater fields and concentrate on NG fields,
_ B =
0,0" = 0" 5[(0719,9) " ¢ 87

X projection onto the broken sector: J| < A7




nonlinear realization and the MC form

for spacetime symmetry



# nonlinear realization and the MC form

r

- suppose that a condensation (&) = & () breaks G — H
g=adh (a:broken, b : unbroken)

convenient to classify symmetry generators by scaling dim

(g: non-translation, g,: dim n)

- introduce a representative of the coset G/ H
Q= QpQQ ... with Qp =¥ @Pm Q= ™@) (1, € q,)

% treat translations generators as if they are broken symmetries

% Y™ (x) is the Minkowski coordinate defined by

AN

Y™ = a‘:m (unbroken direction), Y¢ = 2% + 7¢ (i‘)(broken direction)

note: &' is the unitary gauge coordinate (7’s are eaten)




# nonlinear realization and the MC form

g
- introduce a representative of the coset G/H

Q=0pQQ ... with Qp =¥ @FPn Q= ™@) (7 € aq,)
% (2, generates transformations around Y™ ()
e.g. NG field for Lorentz < local Lorentz transf. parameter
— m, (n > 1) does not generate physical dof (redundant NG field)
cf. K,,®(0) = 0 for primary fields
- MC form
J,=071'9,0=0"10,Y"P,)0+ Q18,0 with Q = Q€ . ..
in particular, its P,,, can be interpreted as the vierbein

ep = |[Julp, = [Q_l (0uY " Pr) ﬁ} — [Qal (0uY " P) QO]Pm

H m 1

% m, (n > 1) does not affect the vierbein

¢ other components contain redundant NG fields 7, (n > 1)




ingredients of the effective action



# ingredients of effective action

r

suppose a background condensation <<I>A> = (I)A(QZ)

% not necessarily homogeneous

1. decompose the NG field dof as
A (z) = Qp () [Qo (@, m0)] " 57 (2)
% 2, (n > 1) does not generate physical dof

- take the unitary gauge coordinate, where diff NG fields are eaten
@A(i) = [Qg(x, WO)]A Bi)B(CE) (2" : unitary gauge coordinate)
2. its derivative reproduces MC-type one form
0,02(z) = [Q (9, + 0, 2)]” 505 (z)

% the one form is made only from (),

% ®4(z) is not a constant in general = 9,® # 0
3




# ingredients of effective action

- the one form can be identified with connections

in the relativistic case (2o = Qi 21.(2p,

gauge and Weyl connections:

A, =Q 10,0, W, =05'9,0p

int

spw1connecﬂons:

1

S, :0218MQL+§ (eL”e —e e, )W’/L

% spin connection is not Weyl invariant

vierbein: e};" = [nylﬂzl(@uympm)QLQD]pm




# summary so far:

-

- parameterization of NG fields in coset construction

- 9o = local Lorentz, (an)isotropic Weyl, internal symmetries
- m, (n > 1) does not generate physical dof (redundant NG field)

J

- ingredients of effective action
- Q9 MC form ~ connections: Q59,00 ~ A, W,, S,
- P,, component of MC form ~ vierbein €,

- functions of coordinates without translation invariance

% same ingredients as gauge symmetry breaking picture

~

- main differences from the internal symmetry case
- 2, (n > 1) does not appear explicitly — inverse Higgs

- EFT parameters are promoted to functions of coordinates

J




4-2. Role of inverse Higgs constraints



Inverse Higgs constraints



# inverse Higgs constraints

4 )
a standard recipe:

1. take a commutator of broken symmetries
P,,Al~B+C where Bea, C el

2. remove the NG field for A if B # 0,

by imposing the condition [2~19,Q]z = 0

\. J

g
we can classify them by scaling dimension n :

(1) n > 1 : redundant NG fields to be removed

ex. NG field for special conformal symmetry

(2) n = 0: further classified by local symmetry breaking patterns

ex. codimension one brane
\_




conformal symmetry breaking



#

conformal symmetry breaking

-

- global symmetry breaking pattern:
Py Lyn, Dy Ky = Py, Linn

- nonlinear realization: Q = QpNQ; with O = X £m

- relevant commutator: [P, K| ~ D + L
- essentially the same as local decomposition of symmetries
- remove X by imposing the condition [J,,|p = 0

- MC form vs connections

[JM]D =Wy, —2x,

SulLmn = S = (e W — e, W) £ 2(e X" — eux™)

Julk = Vux™ + Wmx + (X° — W¥xv)e, + (W,

— 2Xu) X

m




# conformal symmetry breaking

g
- global symmetry breaking pattern:

Py L, Dy Ky = Py L
- nonlinear realization: Q = QpNQ; with O = X £m

- relevant commutator: [P, K| ~ D + L
- essentially the same as local decomposition of symmetries
- remove X by imposing the condition [J,,|p = 0

- MC form vs connections

[J,U]D =W, —2x, =0

[J:U’]Lmn — ng
1

Tk, =e™ (VMW,/ + W, W, — §QWW2)

* Weyl gauge field appears in a special conformal invariant way




# Weyl gauging vs Ricci gauging

4 )
- K, component of MC form:

1
Tk, = em™ (VMW,, +WLW, — - gWWQ)

2
- its Weyl transformation property can be rephrased as [lorio et al *96]
1 1 1
A[v W, + W, W, — = ,,WWP}:A{—(R,, ,,R)}
p Vo W g Jur e 2 —d\" T g — 1)

- If we are originally working on conformally flat backgrounds,

2(5 4 (B 2(d1— 1)9“”R)

% inverse Higgs constraints promote Weyl gauge field to Ricci tensor

muv

[Ju]Km —

% the same ingredients as Ricci gauging case

- we can perform Ricci gauging for conformal theories

- not necessary to introduce Weyl gauge fields explicitly




codimension one brane



# codimension one brane

r

- global symmetry breaking pattern: P,,,, L,,, =& P&, L3;

- nonlinear realization: {2 = Q2pQowith Qg = Qf

% no higher order generators Q,, (n > 1)

- relevant commutator: [Ps;, Ls;| ~ 0ma s

- remove NG field for L35, by imposing [Ju]p3 = ei =0

% It is convenient to decompose it as

hZ(i?; =0 & ei = Ny, — freeze out local Lorentz NG fields

| . 2
% same mass & mixing terms ~ (&5 — Oa)
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=0 — 0,m =0 — prohibit propagation in z-direction

% constraint not on &5, but rather on @

- the resulting dof is 7 localizing on the brane




mass scale
A

thickness massive T massive T, £ massive T
of the brane (bulk propagating) (bulk propagating) (bulk propagating)
Lorentz symmetry massive &z massive &z
breaking scale (localize) (bulk propagating)

mass less NG mode 7 localizing on the brane

scalar brane nonzero spin 1 nonzero spin 2

-
* honzero spin brane 1 & 2

inverse Higgs constraints integrate out all the massive modes

- for scalar brane
one may interpret {7 as redundant NG fields

inverse Higgs constraints remove redundant & massive NG fields

% we can formulate without introducing &5, consistently
_




