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Extra dimensions
Andrew J. Hanson, Indiana University.,

CC BY-SA 3.0, via Wikimedia Commons
higgstan.com

𝐸
SM: 4-dimension String Theory: 10-dimension

10!GeV 10"#GeV



5 23

Extra dimensions

・Gauge Higgs Unification (GHU),
・Large Extra Dimension (LED), 
・Randall Sundrum (RS), etc.

models

・Hierarchy Problems,
・DM, Strong CP, Baryon Asym, etc.

approach

Scenario beyond the SM: 
4-dimension + Extra-Dimension?

𝐸
10!GeV
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Gauge Higgs Unification

𝐴$ = (𝐴%, 𝐴& )

Embedding Higgs in extra-dimensional components of gauge fields

ℒ'$() = 𝑔𝑎𝑢𝑔𝑒 + 𝑓𝑒𝑟𝑚𝑖𝑜𝑛 + 𝐻𝑖𝑔𝑔𝑠 + 𝑌𝑢𝑘𝑎𝑤𝑎

ℒ*+,-) = 𝑔𝑎𝑢𝑔𝑒 + 𝑓𝑒𝑟𝑚𝑖𝑜𝑛 ●Naturally solve Hierarchy Problem

●Reduced parameters and high predictability

Fairlie (1979)
Manton (1979)

Hosotani (1983)

(𝜇 = 0,1,2,3)𝑥$ = 𝑥%, 𝑦



7 23

Boundary Conditions (BCs)
infinite interval: y ∈ (−∞,+∞)

finite interval: y ∈ [ 0, 2𝜋𝑅)

There are many candidates for BCs.

𝑆" compactification

z

<latexit sha1_base64="p2Gy5zMI86sKFuV/jnR5HSd51MM="></latexit>

�(y = ±1) = @�(y = ±1) = 0

<latexit sha1_base64="6eo2VN78fsDcAr79yrYlM1jtUxU="></latexit>

�(y = 0) = +�(y = 2⇡R)?

�(y = 0) = ��(y = 2⇡R)?

�(y = 0) = ei✓�(y = 2⇡R)?

0𝜋𝑅
𝑅

+𝑦

𝑆": 𝑦 ∼ 𝑦 + 2𝜋𝑅
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𝑆!/𝑍" Orbifold 

identificated

𝑆": 𝑦 ∼ 𝑦 + 2𝜋𝑅
𝑍!: 𝑦 ∼ −𝑦

BCs:  two parity transformations
<latexit sha1_base64="YqHeVQ+arXZzm3gSv1liB3YlJhE="></latexit>(

𝑦 −𝑦 𝑦 + 2𝜋𝑅
'𝒫! '𝒫"

'𝒯

+𝑦

−𝑦

0𝜋𝑅

𝑆𝑈(𝑁) gauge theory with 𝑆"/𝑍! orbifold

𝑃. 𝑖 = 0,1 are any 𝑁×𝑁 matrices satisfying,
<latexit sha1_base64="d1O3woVZ5UMgyuajPo9LUNRCptU="></latexit>

P 2
i = 1, P †

i = Pi

There are many candidates for BCs.

<latexit sha1_base64="F/09FAMi3K9VmG3eTykyrC7Y2Es="></latexit>

Aµ(x, 0� y) = P0Aµ(x, 0 + y)P0

Aµ(x,⇡R� y) = P1Aµ(x,⇡R+ y)P1

𝑆"/𝑍! compactification
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the Arbitrariness Problem of BCs

𝑃! 𝑃"
(+1,+1,+1) (+1,+1,+1)

(+1,+1,−1) (+1,+1,−1)

(+1,+1,−1) (+1,−1,+1)

(+1,+1,−1) (+1, 𝜎#)

diag

𝑆𝑈(3)

𝑆𝑈 2 ×𝑈(1)

𝑈 1 ×𝑈(1)

𝑈(1)

Candidates:

the Arbitrariness Problem of BCs

BCs

Haba et al.(2004)

Which BCs should be selected? :

Which (𝑷𝟎, 𝑷𝟏)?
symmetry

Different BCs produce different symmetry.

e.g.) SU(3)model
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Equivalence Classes (ECs)

ECs

Hosotani(1989)
Haba et al.(2003)
Haba et al.(2004)

<latexit sha1_base64="e7P51rTQyozDJAmW+VSLmCRrYOk="></latexit>

(P0, P1) ⇠ (P 0
0, P

0
1)

Some of BCs are connected by a particular gauge transformation:
→ Equivalence Classes (ECs)

The number of ECs in 𝑆𝑈(𝑁) on 𝑆"/𝑍!: 𝑁 + 1 !

Candidates:

BCs

<latexit sha1_base64="XKONXsu6RiG7kcGiFMgm7C7NNv0="></latexit>

@MP 0
i = 0, P 0 †

i = P 0
i

Which ECs?

The remaining arbitrariness:

Which of the 𝑁 + 1 ! ECs should be selected?

<latexit sha1_base64="EI6Lu8DdT6VMQLYzLeux4XPLYvM="></latexit>

P 0
i = ⌦(x, yi � y)Pi⌦

†(x, yi + y),

<latexit sha1_base64="Kk08EEZAZdzSUR455wkoVZIXK7s="></latexit>

N+3C 3 �
N�2X

k=0

k+1C1 N�k�1C1 = (N + 1)2
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Our Work KT, T. Inagaki, arXiv:2301.12938 [hep-th]

ECs

Candidates:

BCs

Not connected more?
Are there really 𝑁 + 1 ! a lot of ECs?

z

<latexit sha1_base64="e7P51rTQyozDJAmW+VSLmCRrYOk="></latexit>

(P0, P1) ⇠ (P 0
0, P

0
1)

𝑇$: generators
𝑐$ : constants

Analyzing comprehensively by:

Previous:

<latexit sha1_base64="FI/fahDro/ySBsdnCWKMjRXptCE="></latexit>

@MP 0
i = 0, P 0 †

i = P 0
i

<latexit sha1_base64="EI6Lu8DdT6VMQLYzLeux4XPLYvM="></latexit>

P 0
i = ⌦(x, yi � y)Pi⌦

†(x, yi + y),
<latexit sha1_base64="BZyMVo0OPjG5duj4VUFEt6dUgOY="></latexit>

y0 = 0, y1 = ⇡R

<latexit sha1_base64="z9Z7fplOSEiEj17wEgR6Xco1UMs="></latexit>

⌦(y) = exp [i y caT a]

<latexit sha1_base64="4azvkSmm4ti4T6CxeDH6vVtk3g4="></latexit>

⌦(y) = exp [ifa(y)T a]

Gauge transf.



Techniques for Analysis
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Simultaneous Diagonalizable
Haba et al.(2004)

Kawamura et al.(2020)

Always simultaneous diagonalizable on 𝑆"/𝑍! : diagonal
<latexit sha1_base64="Kz7xXFYh7h3nud1MfsI2IqNU0e0="></latexit>

(P0, P1) ⇠ (P diag
0 , P diag

1 )

Just examine the one
from diagonal to diagonal 

<latexit sha1_base64="dxnFT+FcnAZVXnVLdSs4sC8zWyo="></latexit>

(P0, P1)
diag ! (P 0

0, P
0
1)

diag?

<latexit sha1_base64="EI6Lu8DdT6VMQLYzLeux4XPLYvM="></latexit>

P 0
i = ⌦(x, yi � y)Pi⌦

†(x, yi + y),
<latexit sha1_base64="4azvkSmm4ti4T6CxeDH6vVtk3g4="></latexit>

⌦(y) = exp [ifa(y)T a]

ECs

BCs

Tech. 1
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Classification of Generators
Tech. 2

Kawamura et al.(2020)

Classify 𝑈(𝑁) generators into 4-types
<latexit sha1_base64="wLoSuguAJ9gPhcGDsJIcL9nC8hc="></latexit>

{T a} = {T a++}� {T a+�}� {T a�+}� {T a��}

commute anti-
commute

?

commute

anti-
commute

𝑃1
𝑃"

𝑇2%% 𝑇2%&

𝑇2&% 𝑇2&&

Exchangeability with 𝑃' : 

Just examine,

commutative    :

anti-commutative: 

<latexit sha1_base64="BXbCbGx+rSbk3wmGl2kfP1uIOu8="></latexit>

fa(yi + y)� fa(yi � y) = const.
<latexit sha1_base64="SGgqgMFLmyAGXarlOcsUA0QN7yE="></latexit>

fa(yi + y) + fa(yi � y) = const.

𝑃.3 = 𝑒4. 5( ∓5( 7(𝑃.

<latexit sha1_base64="EI6Lu8DdT6VMQLYzLeux4XPLYvM="></latexit>

P 0
i = ⌦(x, yi � y)Pi⌦

†(x, yi + y),
<latexit sha1_base64="4azvkSmm4ti4T6CxeDH6vVtk3g4="></latexit>

⌦(y) = exp [ifa(y)T a]

Requirements for building ECs:
<latexit sha1_base64="dxnFT+FcnAZVXnVLdSs4sC8zWyo="></latexit>

(P0, P1)
diag ! (P 0

0, P
0
1)

diag

𝑦! = 0, 𝑦" = 𝜋𝑅



Results
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for Global parameters 

𝑐2: constant

Result:

𝑇)) = 𝑐$##𝑇$##

𝑇*) = 𝑐$$#𝑇$$#

𝑓$ 𝑦' + 𝑦 − 𝑓$ 𝑦' − 𝑦 = 0

𝑓$ 𝑦' + 𝑦 + 𝑓$ 𝑦' − 𝑦 = 𝑐$

<latexit sha1_base64="rkuDdZNpl1wc4ywqiFblZCjxnwM="></latexit>

(eiT
��

P0, e
iT��

P1)

Commute: {𝑇!!!}

Mixed: 𝑇!!"

anti-commute: {𝑇!""}

<latexit sha1_base64="QBYi7JzRu4mEthfvMfgHplYs1+k="></latexit>

{T a}Generator

connect nothing

connect nothing

connect nothing

<latexit sha1_base64="Zn9/D7CB9R3lj8fBI6z0Ewk5o4k="></latexit>

(P0, P1)

<latexit sha1_base64="G+UGrMgqoUlxoGAD2SATm+sld/Y="></latexit>

(P 0
0, P

0
1)

<latexit sha1_base64="OgynqMf9jJ1AUxY2wBieNM7lyfA="></latexit>

(P0, e
iT+�

P1)

𝑓6 𝑦 = 𝑐6/2

(𝑦!= 0, 𝑦" = 𝜋𝑅)

𝑦

𝑓#(𝑦)

𝑦! = 0 𝑦" = 𝜋𝑅

𝑐!/2

com.
anti.

𝑃" = 𝑒#$ %$ ∓%$ '$𝑃
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for Local parameters
UV-brane Bulk IR-Brane

𝑦 = 0 (= 𝑦1) 0 < 𝑦 < 𝜋𝑅 𝑦 = 𝜋𝑅 (= 𝑦")
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for Local on UV-brane  
Result:

UV limit:  y → 0

𝑇!)) = 𝑐!
$##𝑇$##

𝑇")) = 𝑐"
$##𝑇$##

UV IR

Commute: {𝑇!!!}

anti-commute: {𝑇!""}

<latexit sha1_base64="QBYi7JzRu4mEthfvMfgHplYs1+k="></latexit>

{T a}Generator

connect nothing

produce 𝑁 + 1 (

<latexit sha1_base64="Zn9/D7CB9R3lj8fBI6z0Ewk5o4k="></latexit>

(P0, P1)

<latexit sha1_base64="Uy36Z6vy1CCKO5PmpkAAkyOfu1o="></latexit>

(eiT
��
0 P0, e

iT��
1 P1)

<latexit sha1_base64="G+UGrMgqoUlxoGAD2SATm+sld/Y="></latexit>

(P 0
0, P

0
1)

Mixed: 𝑇!!"
<latexit sha1_base64="OgynqMf9jJ1AUxY2wBieNM7lyfA="></latexit>

(P0, e
iT+�

P1)

connect nothing

𝑦

𝑓#(𝑦)

𝑐"$/2

𝑐!$/2

𝑓$ 𝑦' + 𝑦 − 𝑓$ 𝑦' − 𝑦 → 0

𝑓$ 𝑦' + 𝑦 + 𝑓$ 𝑦' − 𝑦 → 𝑐'$
(𝑦!= 0, 𝑦" = 𝜋𝑅)

com.
anti.

any function𝑃" = 𝑒#$ %$ ∓%$ '$𝑃

𝑦! = 0 𝑦" = 𝜋𝑅
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for Local on Bulk & IR-brane  
Result:

Bulk & IR:  0 < 𝑦 ≤ 𝜋𝑅

𝑇!** = 𝑐!
$$$𝑇$$$

𝑇"** = 𝑐"
$$$𝑇$$$

UV IR

Commute: {𝑇!!!}

anti-commute: {𝑇!""}

<latexit sha1_base64="QBYi7JzRu4mEthfvMfgHplYs1+k="></latexit>

{T a}Generator

connect nothing

connect 𝑁 + 1 (
<latexit sha1_base64="Uy36Z6vy1CCKO5PmpkAAkyOfu1o="></latexit>

(eiT
��
0 P0, e

iT��
1 P1)

<latexit sha1_base64="G+UGrMgqoUlxoGAD2SATm+sld/Y="></latexit>

(P 0
0, P

0
1)

Mixed: 𝑇!!"
<latexit sha1_base64="OgynqMf9jJ1AUxY2wBieNM7lyfA="></latexit>

(P0, e
iT+�

P1)

𝑓$ 𝑦' + 𝑦 − 𝑓$ 𝑦' − 𝑦 = 𝑐'$ (≠ 0)com.

achieved by parameters with a kink!

<latexit sha1_base64="1M7s7vc81ttPbAzLgoaWWgSnSDg="></latexit>

(eiT
++
0 P0, P1), (P0, e

iT++
1 P1)

𝑦

𝑓# 𝑦 ∼ tanh(𝑦 − 𝑦%)

𝑐'$/2

𝑦$
−𝑐'$/2

?

𝑃" = 𝑒#$ %$ ∓%$ '$𝑃
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for Local on Bulk & IR-brane  
Result:

Bulk & IR:  0 < 𝑦 ≤ 𝜋𝑅

𝑇!** = 𝑐!
$$$𝑇$$$

𝑇"** = 𝑐"
$$$𝑇$$$

UV IR

Commute: {𝑇!!!}

anti-commute: {𝑇!""}

<latexit sha1_base64="QBYi7JzRu4mEthfvMfgHplYs1+k="></latexit>

{T a}Generator

connect nothing

connect 𝑁 + 1 (
<latexit sha1_base64="Uy36Z6vy1CCKO5PmpkAAkyOfu1o="></latexit>

(eiT
��
0 P0, e

iT��
1 P1)

<latexit sha1_base64="G+UGrMgqoUlxoGAD2SATm+sld/Y="></latexit>

(P 0
0, P

0
1)

Mixed: 𝑇!!"
<latexit sha1_base64="OgynqMf9jJ1AUxY2wBieNM7lyfA="></latexit>

(P0, e
iT+�

P1)

𝑓$ 𝑦' + 𝑦 − 𝑓$ 𝑦' − 𝑦 = 𝑐'$ (≠ 0)com.

connect all set of BCs!
<latexit sha1_base64="1M7s7vc81ttPbAzLgoaWWgSnSDg="></latexit>

(eiT
++
0 P0, P1), (P0, e

iT++
1 P1)

𝑦𝑦$

𝑐'$/2

−𝑐'$/2

achieved by parameters with a kink!

𝑃" = 𝑒#$ %$ ∓%$ '$𝑃 𝑓# 𝑦 ∼ tanh(𝑦 − 𝑦%)
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<latexit sha1_base64="TseCfZYBSM2lBz6g7JxUfPv3u1Y="></latexit>

P1 =

0

BBBB@

+
+

+
�

+

1

CCCCA

On the Bulk and IR-brane

<latexit sha1_base64="fTQ0nSGoU8HVL8qxSbG74hCj13g="></latexit>

= Ĩ : diagonal matrix with ±1

freely flip!

<latexit sha1_base64="HG6r1gdouYKtNK7f3Fave/i2D9A="></latexit>

(P 0
0, P

0
1) = (P0, e

iT++
1 P1)

<latexit sha1_base64="19HJ7ViTyIT2Xyivg2yLsIIgy4o="></latexit>

eiT
++
1 = diag (eia1 , eia2 , · · · , eiaN )

{ All patterns of  P" }

All set of the BCs are connected!

<latexit sha1_base64="kNv0Y4wwXahRkqyGtI99krI2rAA="></latexit>

P1 =

0

BBBB@

+
+

+
+

+

1

CCCCA

→
<latexit sha1_base64="qFzKmtFkwNGKMIyna3I8+WePcvA="></latexit>

T++
1 =

0

BBB@

a1 0
a2

. . .
0 aN

1

CCCA

(𝑃3"
B = 𝑃"3)

<latexit sha1_base64="F+HrbY0uqsAnLOGN6RvtqfAMxt0="></latexit>

P 0 diag
1 = Ĩ P diag

1 =
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Summary

There are only 𝑁 + 1 ! Equivalence Classes (ECs) on UV-brane: (𝑦 = 0).

The arbitrariness of boundary conditions is completely 
resolved on Bulk and IR-brane: (0 < 𝑦 ≤ 𝜋𝑅). 

All BCs (ECs)
are connected

ECs

𝑁 + 1 !

𝑦 = 0

●

●

Future Work

We can freely choose BCs on Bulk & IR
→ Apply to existing 𝑆)/𝑍( models

ECs are unrelated on UV, but related on Bulk & IR
→ Construction of a mechanism to transition between ECs on UV

𝑦 = 𝜋𝑅

We have comprehensively investigated gauge connected BCs in 𝑆𝑈 𝑁 on 𝑆"/𝑍!.
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Summary

There are only 𝑁 + 1 ! Equivalence Classes (ECs) on UV-brane: (𝑦 = 0).

The arbitrariness of boundary conditions is completely 
resolved on Bulk and IR-brane: (0 < 𝑦 ≤ 𝜋𝑅). 

●

●

Future Work

We can freely choose BCs on Bulk & IR
→ Apply to existing 𝑆)/𝑍( models

ECs are unrelated on UV, but related on Bulk & IR
→ Construction of a mechanism to transition between ECs on UV

We have comprehensively investigated gauge connected BCs in 𝑆𝑈 𝑁 on 𝑆"/𝑍!.

Thank you for listening

All BCs (ECs)
are connected

ECs

𝑁 + 1 !

𝑦 = 0 𝑦 = 𝜋𝑅



Follow-up
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Two pictures for 𝑆!/𝑍" Orbifold
The field are treated in two equivalent pictures on 𝑆"/𝑍!.

<latexit sha1_base64="fbp2KrYg/11rML21+ohVTNLnEAM="></latexit>

(a) S1 compact space
<latexit sha1_base64="kC2efXHJvM9H++f45Uhx/sYTOoA="></latexit>

(b) S1/Z2 compact space

<latexit sha1_base64="wsL7YmyzOZENCvLOJ/RnXj44/Nc="></latexit>

⇡R
<latexit sha1_base64="JoJ83CLR+QlTUI63VvCvKT9kQnQ="></latexit>

0

<latexit sha1_base64="IbrtmOXGlvraADXiKBiw+eB6A48="></latexit>

Z2-invatiant
<latexit sha1_base64="f5o8qNqk3ZJtI12K2La07bU8XjU="></latexit>

Fundamental region

<latexit sha1_base64="wsL7YmyzOZENCvLOJ/RnXj44/Nc="></latexit>

⇡R
<latexit sha1_base64="JoJ83CLR+QlTUI63VvCvKT9kQnQ="></latexit>

0

<latexit sha1_base64="q0so/qOEKCYtvFSGczdv244+Kvg="></latexit>

+y

<latexit sha1_base64="QuDKD9DGHgSaSCct2s2ryXb/hA0="></latexit>�y

<latexit sha1_base64="rImaI9jebpFEyNxM5+Gk0tCPR2o="></latexit>y

Physical fields are defined only on the fundamental region: 0 ≤ 𝑦 ≤ 𝜋𝑅
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Step parameters
Parameters with a kink:

Redefine Bulk & IR-brane area:

f0 f1

-0.5 0 0.5 1

-0.5

0

0.5

-0.5 0 0.5 1

-0.5

0

0.5

y

⇒ Commutative type produces 
the phase factor 𝑒.7%%

(𝑦 = 0) (𝑦 = 𝜋𝑅)

𝑦/2𝜋𝑅

<latexit sha1_base64="TuCsp6SFfKLsz2Qbxhjcr6Y9WJE="></latexit>

1/� ⌧ ✏ < y  ⇡R

<latexit sha1_base64="1k/u9KicWQxRCmOOXz3hmZIEEmA="></latexit>

f0(0 + y)� f0(0� y) = 1

f0(⇡R+ y)� f0(⇡R� y) = 0

<latexit sha1_base64="N306WxEHuzmGwmeEnI9rQGKl9Ao="></latexit>

f0(y) =
1

2
tanh [� (y � (0� ✏))]

The transformed gauge field and the BCs:

<latexit sha1_base64="SQd0g5gq4c25EmU+HxYFE9xb1fc="></latexit>

A0
y(x, yi � y) = �P 0

iA
0
y(x, yi + y)P

0†
i � i

g
P 0
i (�@y)P

0†
i

<latexit sha1_base64="hnEXZ8SQpPaHzHkhl56k/HXrADs="></latexit>

A0
y(x, y) = ⌦(x, y)Ay(x, y)⌦

�1(x, y)� i

g
⌦(x, y)@y⌦

�1(x, y)
Well-defined 

in the fundamental region
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by Multiple Generators 
It is expected that they cannot produce non-trivial diagonal matrix.

two
(ex. 𝑒7%& C7&&)

three
(ex. 𝑒7%& C7&%C7&&)

full
(𝑒7%%C7%& C7&%C7&&)

c-number 
components

sub-matrix
components

generators

Done! Done!

Done! Not yet.

Not yet.Not yet.

<latexit sha1_base64="SivvdTGOZrHqhV5eQUBMEpLgDtY="></latexit>

T a++ =

0

BB@

? 0 0 0
0 ? 0 0
0 0 ? 0
0 0 0 ?

1

CCA ,

T a+� =

0

BB@

0 ? 0 0
? 0 0 0
0 0 0 ?
0 0 ? 0

1

CCA ,

T a�+ =

0

BB@

0 0 ? 0
0 0 0 ?
? 0 0 0
0 ? 0 0

1

CCA ,

T a�� =

0

BB@

0 0 0 ?
0 0 ? 0
0 ? 0 0
? 0 0 0

1

CCA ,
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Compact space

𝐸
10!GeV

𝑥%

𝑦

𝑥%
𝑦

𝑥%

𝑅

1/𝑅≪

(𝜇 = 0,1,2,3)

Extra space is curled up with small radius!
Where??

𝑥"
𝑥!

𝑥D
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𝑆𝑈(𝑁) model on 𝑆!/𝑍" orbifold
<latexit sha1_base64="yNhUX8bX4OP89z5OcxFiR+D4bMY="></latexit>

L = �1

4
FMNFMN (x, y) +  ̄i�MDM (x, y)

<latexit sha1_base64="4j+yuVsfTdV1iYGjkTp8/ijNCP8="></latexit>

 (x, yi � y) = Pi�
5 (x, yi + y)

<latexit sha1_base64="vJKnQ1vdo2DewPpi/N40IrasF60="></latexit>

Aµ(x, yi � y) = PiAµ(x, yi + y)Pi

<latexit sha1_base64="j/jA0iazYSCcutk9rSG8ExYQwdU="></latexit>

Ay(x, yi � y) = �PiAy(x, yi + y)Pi

<latexit sha1_base64="JGKzyXUhCqMDb0iFhB5z6iSKp4o="></latexit>

�M = (�µ, i�5)
<latexit sha1_base64="zo0C/Xi4nbRWGt7/VEVPDdsqsbo="></latexit>�
�M ,�N

 
= 2⌘MNI4⇥4

<latexit sha1_base64="LDjBEFdvPxCboY+3CuT6ofia7fQ="></latexit>

FMN =
i

g
[DM , DN ]

<latexit sha1_base64="uDnDT1SeisJ+RM8XMzI1cPpJY2M="></latexit>

(i = 0, 1)

<latexit sha1_base64="rFsE2xVMGEuwglAe5Av6tSxx7v4=">AAACknichVHLSsNAFD2N73d9LAQ3wVZxVaf17UrpxoULba0KRkoSp3VomoQkLWjxB9yLC1cKCuInuFTBH3DhJ4jLCm5ceJtGREW9yczcOfeeO2fuaLYhXI+xx5DU0NjU3NLa1t7R2dXdE+7tW3etkqPzjG4ZlrOpqS43hMkznvAMvmk7XC1qBt/QCslafKPMHVdY5pq3Z/Ptopo3RU7oqkdQNjweVTSeF2ZFpyLugSwryvdfVr i5E8Sj2XCExRKJuYmpuPzTiceYbxEEtmKFL6BgBxZ0lFAEhwmPfAMqXPq2EAeDTdg2KoQ55Ak/znGAduKWKItThkpogeY87bYC1KR9rabrs3U6xaDhEFPGCHtgl6zK7tkVe2Jvv9aq+DVqWvZo1epcbmd7DgfTr/+yirR62P1k/anZQw6zvlZB2m0fqd1Cr/PL+8fV9HxqpDLKztgz6T9lj+yGbmCWX/TzVZ46ofZ/9Fj+3VlPxOLTscnVRGRhMniIVgxhGGPU7RksYAkryNCpR7jGLe6kAWleWpSS9VQpFHD68cWk5XdrS5pe</latexit>8
>>>>>>>><

>>>>>>>>:

Hermitian N×N matrices
with ±1 eigenvalues 

<latexit sha1_base64="BOdg0P8P/lR/6p7J/MFSY8oKNqg="></latexit>

DM = @M � igAM

<latexit sha1_base64="FmS7S9siSs4lv8TD7Mwx92U+ctQ="></latexit>

P 2
i = 1

<latexit sha1_base64="0MLaumpWLD2+qcw8sZblvhZGuTo="></latexit>

y0 = 0, y1 = ⇡R

Unitary     +     Parity     → Hermite
<latexit sha1_base64="A9a5kVcD6aLo6xlUIo1Faqm6NFs=">AAACd3ichVHLSsNAFD2Nr1pf9YEILiyK4sYyqdYXCIIbl621VfBRkjjWwTQJSVpoS3/AH3DhRgWF6kr8BDf+gAs/QVxWEMGFt2lFRNQ7TObMmXvunLlRLV04LmOPPqmpuaW1zd8e6Ojs6u4J9valHDNnazypmbppb6qKw3Vh8KQrXJ1vWjZXsqrON9TDldr5Rp7bjjCNdbdg8Z2skjHEvtAUl6h0cCCWFrulKbm85IHtPSVTDq SDYywciSxMR+XQTyCHmRdjy4O3rec3VixmBi+xjT2Y0JBDFhwGXMI6FDg0tiCDwSJuByXibELCO+coI0DaHGVxylCIPaRvhnZbDdagfa2m46k1ukWnaZMyhHH2wCqsyu7ZNXti77/WKnk1al4KtKp1LbfSPUdDidd/VVlaXRx8qf707GIf855XQd4tj6m9Qqvr88XjamJxbbw0wc7ZM/k/Y4/sjl5g5F+0izhfO6H2f/Y49DtIRcLybDgap/8wg3r4MYxRTFK357CMVcSQpFuLOEUFV743aUSakCbrqZKvoenHt5DkD9HPlL8=</latexit>

P�1
i = P †

i

<latexit sha1_base64="BBaRwQvMZcS8O5zVWkghFjGHSyQ="></latexit>

Pi :
<latexit sha1_base64="1Pxtk7LrBv5voKz3gBxYfeeJNqM="></latexit>

P †
i = Pi = P�1

i
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Symmetry Breaking by BCs

𝑃3, 𝑃"

𝐴43

symmetry

<latexit sha1_base64="WfEv12U7O65vLg9oGn0I/bNzhQ0="></latexit>0

@
�1 0 0
0 �1 0
0 0 1

1

A

<latexit sha1_base64="WfEv12U7O65vLg9oGn0I/bNzhQ0="></latexit>0

@
�1 0 0
0 �1 0
0 0 1

1

A

<latexit sha1_base64="9+aOlwdNz+N4zR3r4mNmc4F06fg="></latexit>0

@
�1 0 0
0 1 0
0 0 �1

1

A

<latexit sha1_base64="5DGI8k8QOQkV8Y94GJyeHaaYarc="></latexit>0

@
? ? 0
? ? 0
0 0 ?

1

A

<latexit sha1_base64="n5aVLI3W3BH9la03b52/0wxzLIE="></latexit>0

@
? 0 0
0 ? 0
0 0 ?

1

A

<latexit sha1_base64="bxn7Ej61cl8iT1If/iuuQKYlshE="></latexit>�
T 1, T 2, T 3, T 8

 <latexit sha1_base64="jDJOtvpzkDa65ZVg/CgX/l8O6Og="></latexit>�
T 3, T 8

 

,

SU(2)×U(1) U(1)×U(1) U(1)

<latexit sha1_base64="6doHm1Eb/xb0B2VzljfNV6TiopM="></latexit>0

@
�1 0 0
0 0 �i
0 i 0

1

A

<latexit sha1_base64="WfEv12U7O65vLg9oGn0I/bNzhQ0="></latexit>0

@
�1 0 0
0 �1 0
0 0 1

1

A
,

<latexit sha1_base64="in2BtYOA85auinrsAPPI9sxlWS4="></latexit>

{
p
3

2
T 3 +

1

2
T 8}

<latexit sha1_base64="PxIEnwkWWPDRPqaM0MS3m3RE7Mc="></latexit>0

@
0 0 0
0 0 ?
0 ? 0

1

A

e.g.) SU(3)model
Different BCs generally produce different symmetry.

generators
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Gauge transformation for BCs
<latexit sha1_base64="4j+yuVsfTdV1iYGjkTp8/ijNCP8="></latexit>

 (x, yi � y) = Pi�
5 (x, yi + y)

<latexit sha1_base64="vJKnQ1vdo2DewPpi/N40IrasF60="></latexit>

Aµ(x, yi � y) = PiAµ(x, yi + y)Pi

<latexit sha1_base64="j/jA0iazYSCcutk9rSG8ExYQwdU="></latexit>

Ay(x, yi � y) = �PiAy(x, yi + y)Pi

<latexit sha1_base64="nmEeDWgip6uMJgc+4fYwo7Kasdc=">AAACi3ichVE9SwNBEH2e3x8xURvB5jAqqcIm8RsLQQRLkxgjGAl35yYuudwdd5eABv+Aha2FlYKC2NpqY+MfsMhPEEsFGwsnlxMVic7d7s6+mTf7dla1dOG4jNXbpPaOzq7unt6+/oHAYDA0NLzpmBVb4xnN1E17S1UcrguDZ1zh6nzLsrlSVnWeVUsrjXi2ym1HmMaGu2/xnbJSNERBaIpLUD4UmcipvCiMmkZFnENZzuW+/d zY9QMT+VCYRePxhcRMTP7txKLMszB8WzdDl8hhFyY0VFAGhwGXfB0KHPq2EQODRdgOaoTZ5AkvznGIPuJWKItThkJoieYi7bZ91KB9o6bjsTU6RadhE1PGJHtkV+yFPbBr9sTeW9aqeTUaWvZpVZtcbuWDR6Ppt39ZZVpd7H2x/tTsooB5T6sg7ZaHNG6hNfnVg5OX9GJqsjbFztkz6T9jdXZPNzCqr9pFkqdOqf2fPZZbO5vxaGw2Op2Mh5en/YfowRjGEaFuz2EZa1hHhk49xg1ucScFpIS0KC01U6U2nzOCHyatfgBplZhI</latexit>8
>>><

>>>:

<latexit sha1_base64="7joEh6T7pnqdSB9EMzcLCYnfyVQ="></latexit>

 0(x, yi � y) = P 0
i�

5 0(x, yi + y)

<latexit sha1_base64="0RaVKx/PFgfcFqjSAMjMc0UOvcM="></latexit>

A0
y(x, yi � y) = �P 0

iA
0
y(x, yi + y)P

0†
i � P 0

i (�@y)P
0†
i

<latexit sha1_base64="RAc/ESpJhlZrElPDlFdFvk276PI="></latexit>

A0
µ(x, yi � y) = P 0

iA
0
µ(x, yi + y)P

0†
i � P 0

i @µ P
0†
i

<latexit sha1_base64="nmEeDWgip6uMJgc+4fYwo7Kasdc=">AAACi3ichVE9SwNBEH2e3x8xURvB5jAqqcIm8RsLQQRLkxgjGAl35yYuudwdd5eABv+Aha2FlYKC2NpqY+MfsMhPEEsFGwsnlxMVic7d7s6+mTf7dla1dOG4jNXbpPaOzq7unt6+/oHAYDA0NLzpmBVb4xnN1E17S1UcrguDZ1zh6nzLsrlSVnWeVUsrjXi2ym1HmMaGu2/xnbJSNERBaIpLUD4UmcipvCiMmkZFnENZzuW+/d zY9QMT+VCYRePxhcRMTP7txKLMszB8WzdDl8hhFyY0VFAGhwGXfB0KHPq2EQODRdgOaoTZ5AkvznGIPuJWKItThkJoieYi7bZ91KB9o6bjsTU6RadhE1PGJHtkV+yFPbBr9sTeW9aqeTUaWvZpVZtcbuWDR6Ppt39ZZVpd7H2x/tTsooB5T6sg7ZaHNG6hNfnVg5OX9GJqsjbFztkz6T9jdXZPNzCqr9pFkqdOqf2fPZZbO5vxaGw2Op2Mh5en/YfowRjGEaFuz2EZa1hHhk49xg1ucScFpIS0KC01U6U2nzOCHyatfgBplZhI</latexit>8
>>><

>>>:

<latexit sha1_base64="a+ssuSTsu2DQwfxH528n4F01jPg="></latexit>

!

<latexit sha1_base64="MsbRH1rXBfMQxRik1gNudJSnxk8="></latexit>

P 0
i = ⌦(x, yi � y)Pi⌦

†(x, yi + y)

Not invariant!

<latexit sha1_base64="LNNIAdAL7wbouJ+ShgKu+vcO5/U="></latexit>

(P †
i = Pi = P�1

i )
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Gauge transformation for BCs
<latexit sha1_base64="4j+yuVsfTdV1iYGjkTp8/ijNCP8="></latexit>

 (x, yi � y) = Pi�
5 (x, yi + y)

<latexit sha1_base64="vJKnQ1vdo2DewPpi/N40IrasF60="></latexit>

Aµ(x, yi � y) = PiAµ(x, yi + y)Pi

<latexit sha1_base64="j/jA0iazYSCcutk9rSG8ExYQwdU="></latexit>

Ay(x, yi � y) = �PiAy(x, yi + y)Pi

<latexit sha1_base64="nmEeDWgip6uMJgc+4fYwo7Kasdc=">AAACi3ichVE9SwNBEH2e3x8xURvB5jAqqcIm8RsLQQRLkxgjGAl35yYuudwdd5eABv+Aha2FlYKC2NpqY+MfsMhPEEsFGwsnlxMVic7d7s6+mTf7dla1dOG4jNXbpPaOzq7unt6+/oHAYDA0NLzpmBVb4xnN1E17S1UcrguDZ1zh6nzLsrlSVnWeVUsrjXi2ym1HmMaGu2/xnbJSNERBaIpLUD4UmcipvCiMmkZFnENZzuW+/d zY9QMT+VCYRePxhcRMTP7txKLMszB8WzdDl8hhFyY0VFAGhwGXfB0KHPq2EQODRdgOaoTZ5AkvznGIPuJWKItThkJoieYi7bZ91KB9o6bjsTU6RadhE1PGJHtkV+yFPbBr9sTeW9aqeTUaWvZpVZtcbuWDR6Ppt39ZZVpd7H2x/tTsooB5T6sg7ZaHNG6hNfnVg5OX9GJqsjbFztkz6T9jdXZPNzCqr9pFkqdOqf2fPZZbO5vxaGw2Op2Mh5en/YfowRjGEaFuz2EZa1hHhk49xg1ucScFpIS0KC01U6U2nzOCHyatfgBplZhI</latexit>8
>>><

>>>:

<latexit sha1_base64="7joEh6T7pnqdSB9EMzcLCYnfyVQ="></latexit>

 0(x, yi � y) = P 0
i�

5 0(x, yi + y)

<latexit sha1_base64="0RaVKx/PFgfcFqjSAMjMc0UOvcM="></latexit>

A0
y(x, yi � y) = �P 0

iA
0
y(x, yi + y)P

0†
i � P 0

i (�@y)P
0†
i

<latexit sha1_base64="RAc/ESpJhlZrElPDlFdFvk276PI="></latexit>

A0
µ(x, yi � y) = P 0

iA
0
µ(x, yi + y)P

0†
i � P 0

i @µ P
0†
i

<latexit sha1_base64="nmEeDWgip6uMJgc+4fYwo7Kasdc=">AAACi3ichVE9SwNBEH2e3x8xURvB5jAqqcIm8RsLQQRLkxgjGAl35yYuudwdd5eABv+Aha2FlYKC2NpqY+MfsMhPEEsFGwsnlxMVic7d7s6+mTf7dla1dOG4jNXbpPaOzq7unt6+/oHAYDA0NLzpmBVb4xnN1E17S1UcrguDZ1zh6nzLsrlSVnWeVUsrjXi2ym1HmMaGu2/xnbJSNERBaIpLUD4UmcipvCiMmkZFnENZzuW+/d zY9QMT+VCYRePxhcRMTP7txKLMszB8WzdDl8hhFyY0VFAGhwGXfB0KHPq2EQODRdgOaoTZ5AkvznGIPuJWKItThkJoieYi7bZ91KB9o6bjsTU6RadhE1PGJHtkV+yFPbBr9sTeW9aqeTUaWvZpVZtcbuWDR6Ppt39ZZVpd7H2x/tTsooB5T6sg7ZaHNG6hNfnVg5OX9GJqsjbFztkz6T9jdXZPNzCqr9pFkqdOqf2fPZZbO5vxaGw2Op2Mh5en/YfowRjGEaFuz2EZa1hHhk49xg1ucScFpIS0KC01U6U2nzOCHyatfgBplZhI</latexit>8
>>><

>>>:

<latexit sha1_base64="a+ssuSTsu2DQwfxH528n4F01jPg="></latexit>

!

<latexit sha1_base64="bkufWKDr779A4pa0D9wIvrxlb4o="></latexit>

P 0
i = Pi

gauge invariant

<latexit sha1_base64="ScqluMgOqn8wpRgaTft/tLm/KV0="></latexit>

(i=0,1)

𝑃:
=

<latexit sha1_base64="MsbRH1rXBfMQxRik1gNudJSnxk8="></latexit>

P 0
i = ⌦(x, yi � y)Pi⌦

†(x, yi + y)

⇒

<latexit sha1_base64="LNNIAdAL7wbouJ+ShgKu+vcO5/U="></latexit>

(P †
i = Pi = P�1

i )
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Gauge transformation for BCs
<latexit sha1_base64="4j+yuVsfTdV1iYGjkTp8/ijNCP8="></latexit>

 (x, yi � y) = Pi�
5 (x, yi + y)

<latexit sha1_base64="vJKnQ1vdo2DewPpi/N40IrasF60="></latexit>

Aµ(x, yi � y) = PiAµ(x, yi + y)Pi

<latexit sha1_base64="j/jA0iazYSCcutk9rSG8ExYQwdU="></latexit>

Ay(x, yi � y) = �PiAy(x, yi + y)Pi

<latexit sha1_base64="nmEeDWgip6uMJgc+4fYwo7Kasdc="></latexit>8
>>><

>>>:

<latexit sha1_base64="7joEh6T7pnqdSB9EMzcLCYnfyVQ="></latexit>

 0(x, yi � y) = P 0
i�

5 0(x, yi + y)
<latexit sha1_base64="nmEeDWgip6uMJgc+4fYwo7Kasdc="></latexit>8
>>><

>>>:

<latexit sha1_base64="a+ssuSTsu2DQwfxH528n4F01jPg="></latexit>

!

not invariant,
but 𝑃56 become

other BCs !

<latexit sha1_base64="MsbRH1rXBfMQxRik1gNudJSnxk8="></latexit>

P 0
i = ⌦(x, yi � y)Pi⌦

†(x, yi + y)

⇒

<latexit sha1_base64="ScqluMgOqn8wpRgaTft/tLm/KV0="></latexit>

(i=0,1)

<latexit sha1_base64="LNNIAdAL7wbouJ+ShgKu+vcO5/U="></latexit>

(P †
i = Pi = P�1

i )

<latexit sha1_base64="52GZu4V/yoY488obhHuMQaA51Fk="></latexit>(
@MP 0

i = 0

P 0 †
i = P 0

i

<latexit sha1_base64="2soBDZzpJdFPCD3kSKQ2xgEwwHU="></latexit>

A0
y(x, yi � y) = �P 0

iA
0
y(x, yi + y)P

0†
i � i

g
P 0
i (�@y)P

0†
i

<latexit sha1_base64="oVyzEz980wO6Y0qRXMEwtvvOhfY="></latexit>

A0
µ(x, yi � y) = P 0

iA
0
µ(x, yi + y)P

0†
i � i

g
P 0
i @µ P

0†
i
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Physical Symmetry

<latexit sha1_base64="zm6SR2P5pquweLqRijGU0UMB/7E="></latexit>

H
phys =

n
T a

2 G

���
h
T a, P phys

i

i
= 0 (i = 0, 1)

o

●Wilson line phase (AB phase)

<latexit sha1_base64="Ucd0SuZVX+R4ZxryykNNhf9d+k0="></latexit>

Veff (A
c
M ;P0, P1) = Veff (A

0c
M ;P 0

0, P
0
1)

●There is one physics in one EC.

●Physical symmetry
<latexit sha1_base64="YIvhDSaRsQd4U3+Ux9LaY4uBRyg="></latexit>

(Ac
y ;Po, P1) ⇠ (A

0c
y = 0 ;P phys

o , P phys
1 )

<latexit sha1_base64="ZpmMuWaRdMxEsJWoEQ2CPd5k+WA="></latexit>

WT ⌘ P exp

"
ig

Z 2⇡R

0
dyAy(x, y)

#
T

Hosotani(1989)

<latexit sha1_base64="LB9SVvzmKyoxlnzEQf2qbqrj5tA="></latexit>

(T = P1P0)
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ECs in 𝑆𝑈(𝑁) on 𝑆!/𝑍"

<latexit sha1_base64="gu1N+2TEbVQvuA2vIswFq8YC6BI="></latexit>

(P0, P1) = [ p, q, r, s ]

<latexit sha1_base64="iLpNqu3Tk72kHqtPTN9vhh0xfJA="></latexit>

P0 = diag

Nz }| {
(+1, . . . ,+1,+1, . . . ,+1,�1, . . . ,�1,�1, . . . ,�1),

P1 = diag(+1, . . . ,+1| {z }
p

,�1, . . . ,�1| {z }
q

,+1, . . . ,+1| {z }
r

,�1, . . . ,�1| {z }
s=N�p�q�r

),

● Rearrangement

<latexit sha1_base64="6ZKRqZy3bZcK3jUX/UIQkf/iG7U="></latexit>

[ p, q, r, s ] ⇠ [ p� 1, q + 1, r + 1, s� 1 ]

⇠ [ p+ 1, q � 1, r � 1, s+ 1 ]

●Well-known ECs gauge transformations on 𝑆"/𝑍!
<latexit sha1_base64="qWB1Wv5f5b0FLoyo4zCyMHkwlWc="></latexit>

N+3C 3 �
N�2X

k=0

k+1C1 N�k�1C1 = (N + 1)2
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Simple Example
e.g.) mixed type for 𝑈(2) matrix

<latexit sha1_base64="sYQcPxNB3LZalE90ivAXmEhrfC0="></latexit>

P0 =

✓
+

+

◆
, P1 =

✓
+

�

◆
<latexit sha1_base64="N06sd9Y0AFD5y3FR1a+r5wZbqPI="></latexit>

T+� =

✓
0 c
c⇤ 0

◆

<latexit sha1_base64="pfRdSfH08hQfJP4ekpQ8xGRd4go=">AAAC4nichVHLTttAFL12y8vlEWCD1I3VKAiBiCbhUYpUKRKbLiEhJBImkT2ZhBF+yZ5EUOMfyK5iwaJsWqmqqn5GN/wAC9ZdVV0GiU0XvbYTIYSAa3nmzLn3nLkzY7gm9wUh15L84uXQ8MjomPJqfGJyKjU9s+c7bY+yMnVMx6saus9MbrOy4MJkVddjumWYrGIcbUX5Sod5PnfsXXHisgNLb9m8yakukKqnQlYLuLpbC5aWw1 B9ryqawVrcDlxLFx4/DhWNOn5wSk9DdV7Vmp5OA07DhNB8LEyQpgxytcUHWRQOTBSN2Y0783oqTbL5/LuVtZz6EOSyJI409GPbSX0HDRrgAIU2WMDABoHYBB18/PYhBwRc5A4gQM5DxOM8gxAU1LaximGFjuwRji1c7fdZG9eRpx+rKe5i4u+hUoUMuSI/SI9ckp/kD/n3qFcQe0S9nOBsJFrm1qe6c6XbZ1UWzgIO71RP9iygCRtxrxx7d2MmOgVN9J2P573SZjETzJOv5C/2/4Vck194ArtzQ7/tsOJniB5gcMvq42Avn82tZ9d2VtOF1f5TjMJreAMLeN9voQAfYBvKuO9vaUyakWblhtyVP8lnSaks9TWzcC/ki/+V2roS</latexit>

eiT
+�

=

 
cos |c| ic

|c| sin |c|
ic⇤

|c| sin |c| cos |c|

!

<latexit sha1_base64="03U5zDakFl+i4ihwnbI6yZSi+J4="></latexit>

P 0
0 = P0

=

✓
+

+

◆
,

<latexit sha1_base64="BSiUUrz+GHK7NNbYcOe1rt8rM6I="></latexit>

P 0
1 = eiT

+�
P1

=

✓
�

+

◆

→z

<latexit sha1_base64="TMFPU6ny2eKckx/t2RAsESrfork="></latexit>

diag(eiT
+�

) = I2, �I2
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Simple Example

→
<latexit sha1_base64="sYQcPxNB3LZalE90ivAXmEhrfC0="></latexit>

P0 =

✓
+

+

◆
, P1 =

✓
+

�

◆

𝑃1 𝑃" 𝑃13

𝑝 = 1
𝑞 = 1 𝑝 = 1

𝑞 = 1

<latexit sha1_base64="Fj+MYk/aFEWBMY2hxaN1eh8eIyk="></latexit>

P 0
0 =

✓
+

+

◆
, P 0

1 =

✓
�

+

◆

→

[1,1,0,0]

A set of BCs [𝑝, 𝑞, 𝑟, 𝑠] are invariant
[1,1,0,0]

e.g.) mixed type for 𝑈(2) matrix

𝑃"3
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<latexit sha1_base64="n50hE6rqVNCIZW2Gn9E18go6wOs="></latexit>

diag(eiT
�
) =

0

BB@

Ĩp,X 0 0 0
0 Ĩq,Y 0 0
0 0 Ĩr,Y 0
0 0 0 Ĩs,X

1

CCA

General Example

<latexit sha1_base64="7WMG+ynovW7Uv4E8DuSurpX0HxM="></latexit>

T� =

0

BB@

0 0 0 A
0 0 B 0
0 B† 0 0
A† 0 0 0

1

CCA z

e.g.) anti-commutative type for 𝑈(𝑁) matrix

𝐴, 𝐵: sub-matrices 𝐼E,G: diagonal 𝑝×𝑝 sub-matrix with ±1
𝑋 : the number of −1 components
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General Example

𝑃1 𝑃"
𝑝

𝑞

𝑟

𝑠

𝑁

e.g.) anti-commutative type for 𝑈(𝑁) matrix

→

𝑃13 𝑃"3

𝑁

e.g.)
𝑋 = 1
𝑌 = 0

[𝑝, 𝑞, 𝑟, 𝑠] is invariant!

𝑞

𝑟

𝑝

𝑝
𝑠

𝑠
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On the UV-brane

𝑃1 𝑃"

→

𝑃13 𝑃"3

e.g.) anti-commutative type: 𝑝, 𝑞, 𝑟, 𝑠 = [2,0,0,2]

𝑝

𝑠

𝑝
𝑞

𝑟
𝑠

[2,0,0,2] [1,1,1,1]

<latexit sha1_base64="fnZ0EwsHdb2r+Dm1SM5x+GiVYGY="></latexit>

diag(eiT
��
0 ) = diag(Ĩp,X , Ĩs,X)

<latexit sha1_base64="V/N/Vl8N4C3ZOvG7WUmzN8aprUo="></latexit>

diag(eiT
��
1 ) = diag(Ĩp,Z , Ĩs,Z)

𝑋 = 0
𝑍 = 1

0 1/2
8𝑦

𝑐)
!"/2

𝑐*
!"/2

𝑓!"( 8𝑦)
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Applications (1/2)
●Apply to phenomenological models

𝑆𝑈 2 ×𝑈(1)

𝑆𝑈(3)

e.g.) 𝑃1 = 𝑃" = diag (−1,−1,+1)

UV-brane Bulk IR-brane

𝐴%1 =

<latexit sha1_base64="5DGI8k8QOQkV8Y94GJyeHaaYarc="></latexit>0

@
? ? 0
? ? 0
0 0 ?

1

A

<latexit sha1_base64="bV1C/vZfHXB1G0qB/t0Sgad/+Hk="></latexit>0

@
? ? ?
? ? ?
? ? ?

1

A𝐴%1 =

𝑆𝑈 2 ×𝑈(1)

𝐴%1 =

<latexit sha1_base64="5DGI8k8QOQkV8Y94GJyeHaaYarc="></latexit>0

@
? ? 0
? ? 0
0 0 ?

1

A
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Applications (2/2)
●Approach to the arbitrariness problem of BCs:

UV-brane Bulk IR-brane

Each EC is
unrelated

All ECs are
related 

Which type of BCs should be selected 
without relying on phenomenological information?


