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Outlook	  

•  Non-‐linear	  σ	  Model	  in	  Flat	  Extra	  Dimension	  
	  

•  Non-‐linear	  σ	  Model	  in	  Warped	  Extra	  Dimension	  
	  

•  Examples	  
	  

•  Summary	  
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Flat	  Extra	  Dimension	  
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Flat	  Extra	  Dimension	  (d=5)	  
•  HypermulQplet	  
	  
	  
•  AcQon	  
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Flat	  Extra	  Dimension	  (d=5)	  

•  TransformaQon	  
	  

•  Constraints	  

δAi = ε+Ψ
i

δΨ i = iγ Mε+∂M A
i + iXiε+ −Γ jk

i δA jΨ k + ...
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∇ j X
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∇
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i = 0

5	  



Warped	  Extra	  
Dimension	  
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• ε	  →	  Killing	  Spinor	  1	  

• New	  Scalar	  PotenQal	  V	  2	  

• New	  Constraints	  on	  X	  3	  

From	  Flat	  to	  Warped	  Space	  
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5-‐d	  AnQ-‐de	  Si]er	  
•  Metric	  

•  Killing	  Spinor	  
	  

	  

 
DMε± = ∂M ε± +

1
4
ωM

ABγABε± 
i
2
kγMε± = 0

ds2 = e−2kzηmndx
mdxn +dz2
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5-‐d	  AnQ-‐de	  Si]er	  
•  HypermulQplet	  

	  
•  AcQon	  

(Α i ,Ψ i ),     i =1,...2n Ψ i = (χ i ,  Ωi
  j*
χ j* )

S = dx5 −G{−g
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V = g
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5-‐d	  AnQ-‐de	  Si]er	  
•  TransformaQon	  

	  
	  
•  Constraints	  

	  

δAi = ε+Ψ
i

δΨ i = iγ Mε+∂M A
i + iXiε+ −Γ jk

i δA jΨ k + ...

∇iX j*
+∇
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• Pick	  up	  (M,	  g,	  Ω)	  1	  

• Solve	  X	  2	  

• Construct	  G, V	  3	  

Model	  Building	  Procedure	  
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EXAMPLES	  
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Flat	  HyperKahler	  Space	  
•  Flat	  Geometry	  

	  
•  Solve	  Constraints	  

•  Determine	  Scalar	  PotenQal	  

g
ij*
=δ

ij*
 ,  Ωij = εij  , i =1,2

Xi ≡ Ki −
3ik
2

φ1,φ2( ) ⇒ K  is tri-holomorphic Killing

K = c1 iφ2,iφ1( )+ c2 φ2,−φ1( )+ c3 iφ1,−iφ2( )
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Flat	  HyperKahler	  Space	  
•  “Massless”	  Case	  

	  

	  
	  	  	  Mass	  Spectrum	  

⇒G0 = −6k(φ1φ
*
1 +φ2φ

*
2 ),If K = 0,

m1
2 = m2

2 =
−15k2

4
, m1/2 = 0

⇒V =
−15
4

k2 (φ1φ
*
1 +φ2φ

*
2 ),
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Flat	  HyperKahler	  Space	  
•  Massive	  Case	  

	  
K = c1 iφ2,iφ1( )+ c2 φ2,−φ1( )+ c3 iφ1,−iφ2( )
⇒G =G0 + 4c1 φ1φ
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*
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If c1 = c2 = 0,   c3 = µ

⇒V = µ 2 +µk −15k
2
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4
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HyperKahler	  Cone	  
•  	  	  

	  
•  Solve	  Constraints	  

•  If	  	  
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mu
2 = mv

2 =
−15k2

4
,   m1/2 = 0



Summary	  

•  The	  Target	  Space	  of	  Non-‐linear	  Sigma	  Model	  
in	  AdS5	  is	  HyperKahler	  Manifold.	  

•  Killing	  Vector	  X	  SaQsfies	  Inhomogeneous	  Tri-‐
holomophic	  CondiQon.	  	  

•  Target	  Space	  Tri-‐holomorphic	  Isometries	  Can	  
be	  Gauged.	  

•  Ready	  For	  Phenomenological	  Study.	  	  
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	  	  	  	  	  	  	  	  	  	  THANK	  YOU!	  
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