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Introduction 

• Observed Higgs mass is ~125GeV 

• Quantum correction for scalar field is given by 

 

 

 

 

• There are two types of corrections 

– Quadratic divergence 

– Logarithmic divergence 
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Introduction 

In fact, quadratic divergence is always subtracted. 
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[’72 G.’t Hooft, M.J.G.Veltman], [’72 C.G.Bollini, J.J.Giambiagi] (Dimensional regularization) 

[’11 K.Fujikawa] (Subtraction scheme)           [’12 H.Aoki, S.Iso] (Wilsonian renormalization) 

We need consider only logarithmic divergence 

Order of magnitude does not change 

Large contribution appears 

Log. div. is understood by β-function of Higgs mass parameter. 

 RGE in the SM 

 RGE in some extended SM 



Introduction 

Renormalization condition at the UV scale is  

       sensitive to the heavy particle mass. 
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[SM] 

[extended SM] 



Our study 

The SM has to be extended because of 

– active neutrino masses 

– vacuum stability 

– etc. 
 

• We consider minimal type-II seesaw model 

– only triplet scalar field is added into the SM 
 

• We investigate Vacuum stability and 

Perturbativity conditions 
 

• In addition, to avoid the hierarchy problem,      

we also require Naturalness condition 
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Type-II seesaw model 
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There are additional terms in Lagrangian: 

 

 

 

 

 
 

• Active neutrino masses 

 

 

• Low energy effective Higgs potential 

[’07 M.A.Schmidt] for this notation 



Vacuum stability and perturbatibity 

• Potential is bounded from below when 

 

 

 

 
 

In fact, corrections of these conditions have been recently 

pointed out in arXiv:1508.02323. 

The corrections does not significantly affect our results. 
 

• We require all quartic couplings are less than 4p 

up to the Planck scale 
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[’11 A.Arhrib, et.al.] 

[C.Bonilla, R.M.Fonseca, J.W.F.Valle] 



Naturalness 
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[’07 A.Abada, C.Biggio, F.Bonnet, M.B.Gavela, T.Hambye] 

Higgs mass corrections come from triplet scalar. 

 

 

 

 
 

  We require 
 

  Other Naturalness condition 

– Two-loop EW interaction: 
 

– Veltman condition:  

[’13 M.Farina, D.Pappadopulo, A.Strumia] 

[’15 M.Chabab, M.C-Peyranere, L.Rahili] 



Experimental bounds 
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• r-parameter 

 
 

• Neutrino Yukawa coupling 

 

• Same sign dilepton 

 
 

• Lepton flavor violating decay 

 

• EW precision data 

(large Yukawa region) 

[’14 ATLAS] 

[’09 A.G.Akeroyd, M.Aoki, H.Sugiyama] 

[’10 T.Fukuyama, H.Sugiyama, K.Tsumura] 

[’12 E.J.Chun, H.M.Lee, P.Sharma] 

[’12 PDG] 



Allowed parameter region 
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Large coupling regions are excluded 

by perturbativity condition. 



Allowed parameter region 
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Both |l4| and l6 small 

region does not exist. 



   Running of 
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Vacuum stability requires sufficiently large |l4| and/or l6 
 

→      cannot small for large MD 
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Higgs mass correction 

Naturalness condition 

・LHC at 14TeV [’15 Z.L.Han, R.Ding, Y.Liao] 



h → γγ, Zγ 
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↓ excluded (1σ) 

No useful bound 
(LHC Run 1) 

dominant 

Both R is enhanced when l4 + l5 < 0. 

sub-dominant 



h → γγ, Zγ 
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Anti-correlation can be seen in gray region, 

 in which MH is sub-dominant.  

・LHC at 14TeV [’14 ATLAS] 

↓ excluded (1σ) 



Summary 

• Hierarchy problem can be avoided when 

 

• We investigate minimal type-II seesaw model 

– Vacuum stability and Perturbativity conditions 

– Naturalness condition 

 

• From Naturalness condition, we have obtained 

–   

–           and 

 

• Our results can (may) be tested by LHC Run 2 
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Backup 

2016/3/27 松江素粒子物理学研究会 16 



Mass spectrum 

There are seven physical massive eigenstates: 
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h → γγ, Zγ 
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h → γγ, Zγ 
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h → γγ, Zγ 
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