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1. Introduction
Free parameters in standard model(SM)

18 free parameters in SM

3 gauge couplings 15 parameters3 gauge couplings 15 parameters 
in Higgs potential and 
Yukawa coupling termsYukawa coupling terms

Most of the free parameters are associated with Higgs particleMost of the free parameters are associated with Higgs particle

A model which describe origin of Higgs sectorA model which describe origin of Higgs sector 
would be interesting!



1. Introduction

What kind of model would have origin of Higgs?What kind of model would have origin of Higgs?

A model with extra dimensional spaces

Extra dimensional components of gauge field
can be seen as scalar field in four dimensionscan be seen as scalar field in four dimensions

Extra dimensional components of gauge field 
ld b i i f Hi fi ldwould be origin of Higgs field

The idea of gauge-Higgs unification model



1. Introduction

Among these models we are interested in models based on 
coset space dimensional reduction(CSDR) scheme

（D. Kapetanakis and G. Zoupanos, Phys. Rept. 219(1992) 1.）

In CSDR scheme…

4-dim theory obtained from higher dimensional theory 
is strongly restricted

It is interesting to investigate models 
b d CSDR hbased on CSDR scheme



2. CSDR scheme
Basic theory

G h ( G)Gauge theory(gauge group G)
defined on D-dimensional space-time DM

Space-time structure
4M

DM
Coordinate μx

M

Coordinate MX

DM (D>4)

C di t d

Coset space S/R (S ⊃ R) 
(Dimension d=D-4)

Coordinate dy

with isometry group S 



2. CSDR scheme

Action in higher dimensional space timeAction in higher dimensional space-time
D
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W i “ t i diti ” th fi ldWe impose “symmetric condition” on the fields 
to carry out dimensional reduction



2. CSDR scheme

Symmetric conditiony
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We can write symmetric condition for each fields as
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:gauge transformation for gauge field (adjoint rep of G))( sg
:gauge transformation for fermion (representation F of G))( sf
:rotation of spinor field for coordinate transformation),( ysΩ

I f i f S/R di

:Jacobian for coordinate transformationβ
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It connects transformation of S/R coordinates 
s(∊S)

and gauge transformation
),(),( syxyx →

and gauge transformation. 
Coordinate transformation is compensated by gauge transformation



2. CSDR scheme

As a consequence of symmetric condition…As a consequence of symmetric condition…

Lagrangian in higher dimensions becomes independent of 
e tra dimensional space coordinateextra dimensional space coordinate y

),(),( yxLyxL s = ),(),( yxLyxL

)(),( xLyxL ⎯→⎯ )(),( y

Extra dimension can be integrated outExtra dimension can be integrated out 

∫∫ = 44 )()( dxxLdydxxL effd ∫∫ )()( dxxLdydxxL

S f hi 4 di L i i i dStructure of this 4-dim Lagrangian is restricted 
by constraints derived from symmetric condition



Constraints for each field in higher dimension
2. CSDR scheme

・4-dim components ・S/R components μA
∂
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G）
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WT =
（T:generator of SO(d)）

These constraints give rules for identifying 4-dim 
gauge symmetry group H and its representationsgauge symmetry group H and its representations 
under which fields transform.



Rules for identifying gauge group and field contents in 4-dim
2. CSDR scheme

Gauge group H in 4-dim
Centralizer of R in G（G＝Centralizer of R in G（G＝
H×R）Scalar contents
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2. CSDR scheme
Set up and results in CSDR scheme

Lagrangian
Set up(in higher dimension) Results(in 4-dimension)

LagrangianLagrangian 
),( yxL

Lagrangian 
),( yxLeff

Gauge theory with fermion Gauge theory with fermion and Higgs
•Number of dimension D
•Gauge group G
•Coset space S/R

Gauge group H
Fermion representations 

Gauge theory with fermion and Higgs

Coset space S/R
•Fermion representtions F
•Embedding of R in G

Higgs representations
Structure of the Lagrangian
are determined.

Lagrangian in 4-dimensions
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３. Model building-our result
By CSDR scheme…

Possibilities of model building were wellPossibilities of model building were well 
investigated for D≤10 cases.

（D K t ki d G Z Ph R t 219(1992) 1 ）（D. Kapetanakis and G. Zoupanos, Phys. Rept. 219(1992) 1.）

SM could not be obtained in these approaches

We studied a model building for D=14
(To obtain chiral fermion we required D=4n+2)

using 10-dimensional coset spaces

(To obtain chiral fermion we required D=4n+2)

(To obtain chiral fermion we require rankR=rankS)



To specify a model we need to fix in higher dimensions

3. Model building

To specify a model we need to fix in higher dimensions

coset space S/R, gauge group G, fermion representation F 

•restrictions

and embedding of R in G

We need S/R with rankS=rankR

Gauge group in higher dimension G should have complex     

or pseudreal representations

We only consider regular subgroup of GWe only consider regular subgroup of G

rankG≦8

We consider candidates of gauge group in 4-dim asWe consider candidates of gauge group in 4-dim as 
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×××
×
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3. Model building

Classification of 10 dimensional S/R(rankS=rankR)Classification of 10 dimensional S/R(rankS=rankR)

35 coset spaces p

We construct a model with these coset spaces



3. Model building

Pairs of (S/R G) satisfying our restrictionsPairs of (S/R,G) satisfying our restrictions

•Each block has G corresponding to each S/R and H
•Numbers for S/R correspond to numbers in S/R table  



3. Model building

We used these fermion representation F for eachWe used these fermion representation F for each 
gauge group G in higher dimensions
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We investigated models based on above (G S/R F)We investigated models based on above (G,S/R,F) 
combinations



3. Model building

Results(1)Results(1)
・The cases in which GUT-like gauge group is obtained

in 4-dimensions

We can’t obtain Higgs which break GUT gauge gg g g
symmetry
(Representations obtained from adjG are limited)(Representations obtained from adjG are limited)

We can’t construct a realistic model by these cases



3. Model building

Results(2)Results(2)
・cases with H＝SU(3)×SU(2)×U(1)

We can’t obtain some of SM fermions
(U(1) charges which can be obtained in this cases are limited)

We can’t construct a realistic model by these cases



3. Model building

R lt (3)Results(3)
・cases with H=SU(3)×SU(2)×U(1)×U(1)

Among these candidates only

)768),1()2(/),13((
)364),1()2(/),12((

2

2

=×
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FUSUGSO
FUSUGSp

)544),1()2()3(/)3(),16(( 2 =××× FUSUSUSUGSp

cases can give SM field contents in four dimensions



3. Model building

Comparing models which give SM contents, we find…

)364),1()2(/),12(( 2 =× FUSUGSp Too many extra field appear  
i l di l d Hi

Comparing models which give SM contents, we find…

)768),1()2(/),13(( 2 =× FUSUGSO including colored Higgs

These cases are not suitable for model building 

The best candidate for model building is the case of
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3. Model building

Representations obtained from 
)544),1()2()3(/)3(),14(( 2 =××× FUSUSUSUGSp

HiggsHiggs
)2,3)(2,1(),2,3)(2,1( −− ))1(,)1())(2(),3(( exY UUSUSU

SM Hi i b i d( i h U(1))
fermion

SM Higgs is obtained(with extra U(1))

(1,1)(6,-4),  (1,2)(-3,2)
(3*,1)(-4,7),  (3,2)(1,-5)
(3* 1)(2 3)

(3,1)(-2,-3)
(3,1)(-2,-3)
(3 1)( 2 3)

(1,1)(0,0),  (3,1)(-8,1)
(3*,2)(5,1),  (8,1)(0,0)
(6 1)(2 3) (6* 1)( 2 3)(3*,1)(2,3)    

One generation SM fermion

(3* 1)(2 3) (3* 1)(2 3)

(3,1)(-2,-3)                                  (6,1)(2,3),(6*,1)(-2,-3)
(1,1)(0,0)                          

(3*,1)(2,3),(3*,1)(2,3)
SM fermions SM mirror Extra fermions

One generation(+α) SM fermions 
is obtained(with extra U(1))



4. summary

We investigated model building with 10 dimensional 
t S/Rcoset space S/R

RestrictionsRestrictions
• rankG≤8
• considering only regular subgroup of G

The best candidate of set (G,S/R,F) that induce 
SM i iSM representations is 

)544)1()2()3(/)3()14(( =××× FUSUSUSUGSp )544),1()2()3(/)3(),14(( 2 =××× FUSUSUSUGSp

But..
extra U(1) 
extra fermions 

are left



4. summary

Future worksFuture works

•Extra U(1) should be dropped

•Extra fermions should be dropped pp

•Imposing other symmetry

(ex. imposing discrete symmetry Z2 etc)

•Changing symmetric conditionChanging symmetric condition

Analysis of Higgs potential is also needed to confirmAnalysis of Higgs potential  is also needed to confirm 
constructed model



Appendix

How to get chiral fermionsHow to get chiral fermions
If D=4n+2, D-dimensional Weyl spinor              is decomposed 
f (SU( ) SU( )) SO(d)

)( DD σσ
for (SU(2)×SU(2))×SO(d) as 

)21()12(
Lorentz group in SU(2) basis These are SO(d) spinor and are 

same rep unless rankS=rankR
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ddD

ddD

σσσ
σσσ

+=

+=
(2,1):left handed in 4-dim
(1,2):right handed in 4-dim)()( d

We impose Weyl condition in higher 
di i d t k f b tdimension and take one of above two.

Fermion representations of H is decided by the matchingFermion representations of H is decided by the matching  
condition.

Different representation can be obtained for left-handed and 
right-handed fermions in 4-dimension.



Ex)
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Ex)
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D=10, d=6 Taking only this
by Weyl conditon
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Applying CSDR constraints and matching condition

(SU(3),SU(2)(U(1))

H=SU(2)×U(1),   remaining fermion is L)2(1 − SU(2)(U(1))



If we chose real (pseudo real) representation as fermionIf we chose real (pseudo real) representation as fermion 
representation F

By matching condition with

);2,1();1,2( ddD σσσ +=

Fermion representations will be doubled

To eliminate the doubling of the fermion spectrum

W i M j di iWe impose Majorana condition

To impose Majorana conditionTo impose Majorana condition

D=8n+2 :F must be real representation

D=8n+6 :F must be pseudo real representation


