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Before this paper, SUSY is not so familiar than TC etc. 



             Higgs (but still no BSM) discovery at LHC 
 
 
 

  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè 
 
 
 
 
 
 
 
 

RGE of Higgs self coupling 

top mass�

Higgs mass�λ�

èèè�èè1018       �
E (GeV)       �

β�

(4π )2 dλ
dt

= 24λ 2 +12λyt
2 − 6yt

4 − 3λ(g '2+ 3g2 )+ 3
8
[2g4 + (g '2+ g2 )2 ]



             Higgs (but still no BSM) discovery at LHC 
 
 
 

  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè 
 
 
 
 
 
 
 
 

RGE of Higgs self coupling 

top mass�

Higgs mass�λ�

èèè�èè1018       �
E (GeV)       �

β�

(4π )2 dλ
dt

= 24λ 2 +12λyt
2 − 6yt

4 − 3λ(g '2+ 3g2 )+ 3
8
[2g4 + (g '2+ g2 )2 ]



             Higgs (but still no BSM) discovery at LHC 
 
 
 

  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè 
 
 
 
 
 
 
 
 

RGE of Higgs self coupling 

top mass�

Higgs mass�

Ô< 0         Ô> 0�

λ�

1017        1018       �
E (GeV)       �

(4π )2 dλ
dt

= 24λ 2 +12λyt
2 − 6yt

4 − 3λ(g '2+ 3g2 )+ 3
8
[2g4 + (g '2+ g2 )2 ]

1010�



             Higgs (but still no BSM) discovery at LHC 
 
 
 

  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè 
 
 
 
 
 
 
 
 

RGE of Higgs self coupling 

top mass�

Higgs mass�

Ô< 0         Ô> 0�

λ�

1017        1018       �
E (GeV)       �

(4π )2 dλ
dt

= 24λ 2 +12λyt
2 − 6yt

4 − 3λ(g '2+ 3g2 )+ 3
8
[2g4 + (g '2+ g2 )2 ]

1010�



             Higgs (but still no BSM) discovery at LHC 
 
 
 

  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè 
 
 
 
 
 
 
 
 

RGE of Higgs self coupling 

top mass�

Higgs mass�

Ô< 0         Ô> 0�

λ�

1017        1018       �
E (GeV)       �

171.081�

(4π )2 dλ
dt

= 24λ 2 +12λyt
2 − 6yt

4 − 3λ(g '2+ 3g2 )+ 3
8
[2g4 + (g '2+ g2 )2 ]



             Higgs (but still no BSM) discovery at LHC 
 
 
 

  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè 
 
 
 
 
 
 
 
 

RGE of Higgs self coupling 

top mass�

Higgs mass�

Ô< 0         Ô> 0�

λ�

1017        1018       �
E (GeV)       �

171.079�

(4π )2 dλ
dt

= 24λ 2 +12λyt
2 − 6yt

4 − 3λ(g '2+ 3g2 )+ 3
8
[2g4 + (g '2+ g2 )2 ]



λ(µŒMp)�0 ĞĊôĉęõěöŕ��



λ(µŒMp)�0 ĞĊôĉęõěöŕ��

èèèèèèèèèðāčōñ 
 

   SMĎĮĠŁħİČMpēĈĆċ÷ěê 
 
 

ň�Ĝ3Ĝćě�@÷òąćŊ?0Ď1010 GeVĈvČĎċęċóêŉ 



ňexōŉ flat land scenario            Iso et al�

HiggsķįłĪļŀĎŊMpĈLõ%Āěčă�Ņ 
�



ňexōŉ flat land scenario            Iso et al�

HiggsķįłĪļŀĎŊMpĈLõ%Āěčă�Ņ 
�

ð�Ĝ3ĜćóĂ�@ñèĖýöýćŊU(1)B-LĩńīĞ�Ĝ3ĜćóĂöĖŕ 
 
�



ňexōŉ flat land scenario            Iso et al�

HiggsķįłĪļŀĎŊMpĈLõ%Āěčă�Ņ 
�

ð�Ĝ3ĜćóĂ�@ñèĖýöýćŊU(1)B-LĩńīĞ�Ĝ3ĜćóĂöĖŕ 
 

èèèèèèèèÝ U(1)B-Lĩńīč\Ĝ Ý νRčMajoranaw�čxM 
 

èèèèèèèèèèèèèèèèèèÝ QwņŔ�QwņňŁĶİīġĳĪĬŉčxM 
 



ňexōŉ flat land scenario            Iso et al�

HiggsķįłĪļŀĎŊMpĈLõ%Āěčă�Ņ 
�

ð�Ĝ3ĜćóĂ�@ñèĖýöýćŊU(1)B-LĩńīĞ�Ĝ3ĜćóĂöĖŕ 
 

èèèèèèèèÝ U(1)B-Lĩńīč\Ĝ Ý νRčMajoranaw�čxM 
 

èèèèèèèèèèèèèèèèèèÝ QwņŔ�QwņňŁĶİīġĳĪĬŉčxM 
 
èèèèèèèè→ U(1)B-Lč+��Ň U(1)B-LĞ\ě<ýóHiggsŊΦŊč+��



ňexōŉ flat land scenario            Iso et al�

HiggsķįłĪļŀĎŊMpĈLõ%Āěčă�Ņ 
�

ð�Ĝ3ĜćóĂ�@ñèĖýöýćŊU(1)B-LĩńīĞ�Ĝ3ĜćóĂöĖŕ 
 

èèèèèèèèÝ U(1)B-Lĩńīč\Ĝ Ý νRčMajoranaw�čxM 
 

èèèèèèèèèèèèèèèèèèÝ QwņŔ�QwņňŁĶİīġĳĪĬŉčxM 
 
èèèèèèèè→ U(1)B-Lč+��Ň U(1)B-LĞ\ě<ýóHiggsŊΦŊč+��

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4



  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè (4π )2 dλ

dt
= 24λ 2 +12λyt

2 − 6yt
4 − 3λ(g '2+ 3g2 )+ 3

8
[2g4 + (g '2+ g2 )2 ]

1010�



  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè (4π )2 dλ

dt
= 24λ 2 +12λyt

2 − 6yt
4 − 3λ(g '2+ 3g2 )+ 3

8
[2g4 + (g '2+ g2 )2 ]

 
(4π )2 dyt

dt
= yt

9
2
yt
2 − 17
20
g1
2 − 9
4
g2
2 − 8g3

2 −!g!
2⎛

⎝⎜
⎞
⎠⎟

new gauge Ýè$èà Yt Ýè, 
 

èèèèèèèèèè�����

1010�



  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè (4π )2 dλ

dt
= 24λ 2 +12λyt

2 − 6yt
4 − 3λ(g '2+ 3g2 )+ 3

8
[2g4 + (g '2+ g2 )2 ]

 
(4π )2 dyt

dt
= yt

9
2
yt
2 − 17
20
g1
2 − 9
4
g2
2 − 8g3

2 −!g!
2⎛

⎝⎜
⎞
⎠⎟

new gauge Ýè$èà Yt Ýè, 
 

èèèèèèèèèè     à λ÷8Ą�÷ěŅ��

1010�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

λ�

Iso et al�

TeV�

Mp�

SM�

1010�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

λ�

Iso et al�

TeV�

Mp�

SM�

1010�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

λ�

Iso et al�

TeV�

Mp�1010�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

λ�

Iso et al�

TeV�

Mp�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

k�

λ�

Iso et al�

TeV�

Mp�λS�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

k�

λ�

Iso et al�

TeV�

Mp�λS�

ìΦí�TeV�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

k < 0�

λ�

Iso et al�

TeV�

Mp�λS�

ìΦí�TeV�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

k < 0�

λ�

Iso et al�

TeV�

Mp�λS�

ìΦí�TeV�

(origin of the wine-bottle (EWB)�



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

k<0�

λ�

Iso et al�

TeV�

Mp�λS�

ìΦí�TeV�

(origin of the wine-bottle (EWB)�

ŃL�ìΦíνR
2 Ý TeV Majorana mass of νR (Mayoron->fJŉê 

èèèèèèèè 
 
 
 

gB-L÷$øóûĉ(~O(1))÷2oŊ�.4��črHöęìΦíĎTeV 
 

èèèèèèèèÝ νRčMajorana massĖTeVþėċùćĎóúċóŅ 



ňexōŉ flat land scenario            

V = λ |H |4 +k |φ |2 |H |2 +λS |φ |
4

ŃSM + U(1)B-LĩńīĞ+�ê 
 
Ńāče@ 
�

k<0�

λ�

Iso et al�

TeV�

Mp�λS�

ìΦí�TeV�

(origin of the wine-bottle (EWB)�

ŃL�ìΦíνR
2 Ý TeV Majorana mass of νR (Mayoron->fJŉê 

èèèèèèèèÝ TeV scale seesaw, (resonant) leptogenesisŊ 
èèèèèèèèèè(anyhow, all phenomenology must be at TeV) 
 

gB-L÷$øóûĉ(~O(1))÷2oŊ�.4��črHöęìΦíĎTeV 
 

èèèèèèèèÝ νRčMajorana massĖTeVþėċùćĎóúċóŅ 



ňex2ŉ GUT @ Mp model 

Ń��ĬĨńŀĞ+�ĈøċóčĈŊGUTňŒMpŉĎĊôÿěŕ 

NH, Ishida, Takahashi, Yamaguchi�
arXiv:1412.8230�



ňex2ŉ GUT @ Mp model 

Ń��ĬĨńŀĞ+�ĈøċóčĈŊGUTňŒMpŉĎĊôÿěŕ 

NH, Ishida, Takahashi, Yamaguchi�
arXiv:1412.8230�

Ý ��ĬĨńŀĞ+�ĈøċóčĈŊGUTĖMpĈxøċóĉĮĻăĝôê 



ňex2ŉ GUT @ Mp model 

Ń��ĬĨńŀĞ+�ĈøċóčĈŊGUTňŒMpŉĎĊôÿěŕ 

NH, Ishida, Takahashi, Yamaguchi�
arXiv:1412.8230�

Ý ��ĬĨńŀĞ+�ĈøċóčĈŊGUTĖMpĈxøċóĉĮĻăĝôê 

Ý vector-like mattes ĞSMČ�ú�õćŊGUTŖMpĞ*Rÿěê 



  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè (4π )2 dλ

dt
= 24λ 2 +12λyt

2 − 6yt
4 − 3λ(g '2+ 3g2 )+ 3

8
[2g4 + (g '2+ g2 )2 ]

	
jXČŊ<b&ňGUCĞ*RÿěĂĕŉĞ�ĜěĉgaugeĎ/ùċěê 



  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè (4π )2 dλ

dt
= 24λ 2 +12λyt

2 − 6yt
4 − 3λ(g '2+ 3g2 )+ 3

8
[2g4 + (g '2+ g2 )2 ]

(4π )2 dyt
dt

= yt
9
2
yt
2 − 17
20
g1
2 − 9
4
g2
2 − 8g3

2⎛
⎝⎜

⎞
⎠⎟

Gauge Ýè$èà Yt Ýè, 
 

èèèèèèèèè�

	
jXČŊ<b&ňGUCĞ*RÿěĂĕŉĞ�ĜěĉgaugeĎ/ùċěê 



  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè (4π )2 dλ

dt
= 24λ 2 +12λyt

2 − 6yt
4 − 3λ(g '2+ 3g2 )+ 3

8
[2g4 + (g '2+ g2 )2 ]

(4π )2 dyt
dt

= yt
9
2
yt
2 − 17
20
g1
2 − 9
4
g2
2 − 8g3

2⎛
⎝⎜

⎞
⎠⎟

Gauge Ýè$èà Yt Ýè, 
 
èèèèà λ÷8Ą�÷ěŅ� 
 

èèèèèèèèè�

	
jXČŊ<b&ňGUCĞ*RÿěĂĕŉĞ�ĜěĉgaugeĎ/ùċěê 



ňex2ŉ GUT @ Mp model 

Ý gauge->$èèèèèèèèèèèèèèèèèèÝ λ8Ą�÷ěŉ 

NH, Ishida, Takahashi, Yamaguchi�
arXiv:1412.8230�

Ń��ĬĨńŀĞ+�ĈøċóčĈŊGUTňŒMpŉĎĊôÿěŕ 

Ý ��ĬĨńŀĞ+�ĈøċóčĈŊGUTĖMpĈxøċóĉĮĻăĝôê 

Ý vector-like mattes ĞSMČ�ú�õćŊGUTŖMpĞ*Rÿěê 

Ý vacuum becomes stable 



ňex2ŉ GUT @ Mp model 

Ý gauge->$èÝ Yukawa->,èèèèèèèèèèèÝ λ8Ą�÷ěŉ 

NH, Ishida, Takahashi, Yamaguchi�
arXiv:1412.8230�

Ń��ĬĨńŀĞ+�ĈøċóčĈŊGUTňŒMpŉĎĊôÿěŕ 

Ý ��ĬĨńŀĞ+�ĈøċóčĈŊGUTĖMpĈxøċóĉĮĻăĝôê 

Ý vector-like mattes ĞSMČ�ú�õćŊGUTŖMpĞ*Rÿěê 

Ý vacuum becomes stable 



LHC results show… �

126 GeV Higgs�

BSM?�

èèSMĎMpČòěQSčĮĠŁħİċ`�ŕ(no intermediate scale?) 
 
ð[^sUōñ�¥Â·Ê«·ÄºĪıĿģčAdĔĈŊ 
 

Ý  ŃTeV scale seesaw 
    (inverse seesaw? generation structure?  
     same sign di-lepton event? 0νββ? other observations?)   
 

ÝèŃleptogenesis/bariyogenesis? 
    (resonant leptogenesis? quantum effects? New èèè 
èè mechanismŃŃŃ) 



λ(µŒMp)�0 ĞĊôĉęõěöŕ��

èèèèèèèèèðāčŎñ 
 

èèè�µ�1010GeVČBSM÷òěê 
 
 

ň
ŉ��E�č$øü÷Ŋ1010 GeVêHiggsĎĩńī"Čŕ 



æ Higgs=�E�gauge"č��E�5��(Gauge-Higgs Unification) 
 
   èèèèèèAM = Aµ + A5 (scalar @ 4D)  
 
èŃ�ĩńī"ċčĈ!?XČmasslessêňZz�œ�ĢĳŀĦńĈĩńī"ĉýć1Kŉ  
 

èèmassœ��E�č#VĞpě
čĬĨńŀ�ň�z�œ�ĢĳŀĦńĈĬĤľń"ŉ  
 

       èèèèç loop factor (1/16π2ŉňtreeĈķįłĪļŀĎOóöęŉ ←�Čq finite 
 
                                                          

λ�

1/R~1010 GeV! 

 G.Degrassi, S.Di Vita, J.Elias-Miro,  
J.R.Espinosa,  G.F.Giudice, G.Isidori  
and A.Strumia, JHEP1208 (2012) 098�

N. Okada,  Q. Shafi, et al�

SM with top mass (173 GeV)�

For this meta-stability, GHU says�
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Ńflavor symmetry: !
!tri-bi-maximal mixing [sin2Ö12=1/3, sin2Ö23=1/2] + deviation, !

   seems good!
-> find flavor symmetry (S3, S4, A4, ŃŃŃ)  è!
-> phenomenology !
    ex) Ø mass sum rule !

S. F. King, A. Merle, S. Morisi, Y. Shimizu and M. Tanimoto, New J. Phys.16 (2014) 045018�
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summary of research plan!
ð[^sUōñ�¥Â·Ê«·ÄºĪıĿģčAdĔĈŊ�

 

Ý  ŃTeV scale seesaw 
    (inverse seesaw? generation structure?  
     same sign di-lepton event? 0νββ? other observations?)   
 

ÝèŃleptogenesis/bariyogenesis? 
    (resonant leptogenesis? quantum effects? New mechanismŃŃŃ) 

ð[^sUŎñ�Ä»ËÊÈ¿ÄÅÆ¾¿È¿¹�§¿½½É�¿Ä�¥Â·Ê«·ÄºĪıĿģ�
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For a goal        !
(discover BSM),         strong cooperation between !
                           experiment & theory is needed.   !

experiment�

theory�



λ(µŒMp)�0 ĞĊôĉęõěöŕ��
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EWčY_ĉMpčY_÷g}ýćěŕ 
 
 

�Ĝ3Ĝćě�@÷òąćŊ?0Ď1010 GeVĈvČĎċęċóčăê 



  mH=125.9±0.4 GeV, mtop=172.58~174.10 GeV in the SM   
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dt
= 24λ 2 +12λyt

2 − 6yt
4 − 3λ(g '2+ 3g2 )+ 3

8
[2g4 + (g '2+ g2 )2 ]
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SM center�

Mp�

Higgs mass & top mass dependence for λŊβ�

Higgs mass & top mass are uniquely determined by MPCP @ Mp       �

(128.6,!172.6)�

(126,!171.2)�
ĂăýŊĹĲĸĺĎőç1017 GeV < Mp�


