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GUT scale ：𝑀𝐺𝑈𝑇 ∼ 1016GeV 
EW scale : 𝑀𝐸𝑊 ∼ 102 GeV 

Due to the decoupling theorem,  
it is difficult to test GUTs at low energy scale. 

Tests of GUTs rely on checking the relations  
among the parameters of superparticles 

Supersymmetric grand unified theory with the Hosotani mechanism 
[Supersymmetric Grand Gauge-Higgs Unification (SGGHU)] 

This model predicts the existence of the adjoint chiral supermultiplets 

Investigating physics of the Higgs sector, we can test the GUT 

GUTs 

[T. Appelquist and J. Carazzone,  Phys.Rev. D11 (1975) 2856] 

[K. Kojima, K. Takenaga and T. Yamashita, PhysRevD.84.051701] 
[T. Yamashita, Phys. Rev. D84 (2011) 115016] 

1, Introduction 

𝑂 8,1,0  color octet 

Δ 1,3,0  SU(2) triplet 

S 1,1,0  singlet The Higgs sector is extended  

Doublet-triplet splitting is naturally realized 
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𝑉𝑆𝑂𝐹𝑇 = 𝑚 𝑑
2 𝐻𝑑

2 + 𝑚 𝑢
2 𝐻𝑢

2 + 2𝑚 Δ
2Tr Δ†Δ + 𝑚 𝑠

2 𝑆 2

+  𝐵𝜇 𝐻𝑢 ∙ 𝐻𝑑 + 𝐵Δ𝜇ΔTr Δ2 + 𝐵𝑠

𝜇𝑠

2
𝑆2

+ 𝐴Δ𝜆Δ𝐻𝑢 ∙ Δ𝐻𝑑 + 𝐴𝑆𝜆𝑠 𝑆𝐻𝑢 ∙ 𝐻𝑑 + 𝜂𝑆 + 𝐻. 𝐶.   

𝑊 = 𝜇𝐻 𝑢 ∙ 𝐻 𝑑 +
𝜇𝑠

2
𝑆 2 + 𝜇ΔTr Δ 2 + 𝜆𝑠𝑆 𝐻 𝑢 ∙ 𝐻 𝑑 + 𝜆Δ𝐻 𝑢 ∙ Δ 𝐻 𝑑 

1. Trilinear terms 𝑆3 and 𝑆ΔΔ are absent 
2.  𝜆𝑠 and 𝜆Δare related to the gauge coupling  

at the GUT scale  

𝑺𝑼(𝟑) 𝑺𝑼(𝟐) 𝑼(𝟏) 

𝐻 𝑑 1 2 -1 MSSM doublet 

𝐻 𝑢 1 2 +1 MSSM doublet 

𝑆  1 1 0 Singlet 

Δ  1 3 0 Triplet 

4 CP-even ℎ, 𝐻, 𝑆𝑅
0, 𝛥𝑅

0   

3+1 CP-odd 𝐴, 𝑆𝐼
0, Δ𝐼

0, 𝐺0  

3+1 Charged 𝐻±, Δ±, Δ ±, 𝐺± 

• Higgs sector 

Superpotential and soft SUSY term 

2, Supersymmetric Grand Gauge-Higgs Unification 

Features: 
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log𝟏𝟎 (𝝁/𝐆𝐞𝐕) 

GUT scale: 𝑶 𝟏𝟎𝟏𝟔 𝐆𝐞𝐕 

𝜆Δ = 2 5/3 𝜆𝑠 = 𝑔𝐺𝑈𝑇 @GUT scale 

𝜆Δ = 1.1, 𝜆𝑆 = 0.26 @EW scale 

• Running of coupling constant 

2, Supersymmetric Grand Gauge-Higgs Unification 

2 × 𝐿 1,2, −1/2  
+𝑈𝐶 3 , 1, −2/3  
+𝐸𝐶 1, 1, 1   
@SUSY scale 

In order to unify  
the gauge couplings,  
we add vector like  
particles 
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𝑚ℎ
2~𝑚𝑍

2𝑐2𝛽
2 +

3𝑚𝑡
4

2𝜋2𝑣2 log
𝑚𝑡 

2

𝑚𝑡
2 +

𝑋𝑡
2

𝑚𝑡 
2 1 −

𝑋𝑡
2

12𝑚𝑡 
2 +

1

2
𝜆𝑆

2𝑣2𝑠2𝛽
2 +

1

8
𝜆Δ

2𝑣2𝑠2𝛽
2  

𝑚ℎ can be 126GeV 

ℎ𝑑 

ℎ𝑢 

ℎ𝑑 

ℎ𝑢 

𝜆𝑆 , 𝜆Δ 𝜆𝑆 , 𝜆Δ 

𝐹𝑆, 𝐹Δ 

MSSM 
Contributions from  
singlet and triplet 

𝐭𝐚𝐧 𝜷 

 

(𝐆𝐞𝐕) 

Heavy soft mass 𝒎 𝑺,𝒎 𝚫 scenario 

 Lightest CP-even Higgs boson mass 

SGGHU 

𝑋𝑡 = 𝐴𝑡  − 𝜇 cot 𝛽 

3, Predictions 

𝝀𝚫 = 𝟏. 𝟏, 𝝀𝑺 = 𝟎. 𝟐𝟔, 𝒎𝑺𝑼𝑺𝒀 = 𝟐𝐓𝐞𝐕 

MSSM 
𝑿𝒕 = 𝟎 

𝑿𝒕 = 𝟔𝒎𝑺𝑼𝑺𝒀 

full one loop 

MSSM +F-term 

ℎ𝑢 

ℎ𝑢 
ℎ𝑢 

ℎ𝑢 
𝑆, Δ 

ℎ𝑑 

𝑆, Δ 

ℎ𝑑 

𝜆𝑆 , 𝜆Δ 𝜆𝑆 , 𝜆Δ 

𝜆𝑆 , 𝜆Δ 𝜆𝑆 , 𝜆Δ 
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𝑚𝐻±
2 = 𝑚𝐻±

2  
𝑀𝑆𝑆𝑀

1 + 𝛿𝐻±
2

 

 Charged Higgs boson mass 

 Heavy CP-even Higgs boson mass 

𝑚𝐻 ≅ 𝑚𝐻  
𝑀𝑆𝑆𝑀

≅ 𝑚𝐻  
𝑁𝑀𝑆𝑆𝑀

 

Deviation among masses is small < 𝑂 1 % 

Deviation of mass: 𝑂 1 % − 𝑂 10 % 

 
𝒎𝑨 (GeV) 

0.1 

We can test the deviation  
at the LHC 

<Deviations from the MSSM> 

~ 𝑚𝐴
2 + 𝑚𝑊

2  −
1

2
𝜆𝑆

2𝑣2 +
1

8
𝜆Δ

2𝑣2 

𝜆Δ = 1.1 
𝜆𝑆 = 0.26 

Triplet 

Triplet 
+Singlet 

Singlet 

MSSM 

3, Predictions 

Heavy soft mass 𝒎 𝑺,𝒎 𝚫 scenario 
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We can distinguish each model at the ILC 

𝜆Δ = 1.1, 𝜆𝑆 = 0.26, 𝜆𝑁𝑀𝑆𝑆𝑀 = 0.6,  
tan 𝛽𝑀𝑆𝑆𝑀 = 10, tan 𝛽𝑆𝐺𝐺𝐻𝑈,𝑁𝑀𝑆𝑆𝑀 = 3,  
𝑚ℎ = 126GeV, 𝑚𝐴 = 𝜇eff = 150GeV, 𝑚𝑆𝑈𝑆𝑌 = 2TeV 

MSSM 

NMSSM 

SGGHU 

<Deviations from the SM> 

 

0.15 

0.5 

0 

-0.5 

-0.25 

[M. E. Peskin, arXiv:1207.2516v3] ℎ𝑉𝑉 ℎ𝛾𝛾 ℎ𝑡𝑡 ℎ𝑏𝑏 ℎℎℎ 

 Couplings of Higgs boson 𝑔 ℎ𝑋𝑋 /𝑔 ℎ𝑋𝑋 𝑆𝑀 − 1  

3, Predictions 

Heavy soft mass 𝒎 𝑺,𝒎 𝚫 scenario 

-0.15 
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Summary 

• Deviation of 𝑚𝐻± from the MSSM value is 𝑂 1 % − 𝑂 10 % 
We can investigate this deviation at the LHC 
 

• Measuring the Higgs boson couplings,  
we can distinguish each model at the ILC 
 

SGGHU is a good example of a GUT  
testable at collider experiments  

We investigate the Higgs sector of the SGGHU 
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Back up 



𝑚𝑡 [GeV] 

 

[Hall, Pinner, Ruderman, JHEP1204, 131(2012)] 



[M. Carena, S. Heinemeyer, O. Stal, C. E. M. Wagner and G. Weiglein, 
 arXiv:1302.7033] 



[https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13004TWiki] 


