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Plan of the talk 

Introduction  
 
Veltman condition 
 
Applying of cancelation of quadratic 
divergencies (one loop) to 
           soft viol. Z2 2HDM (Mixed vacuum) 
           2HDM +singlets (real and complex) 
   



LHC  
SM-like Higgs particle with mass~125 GeV 

observed at ATLAS+CMS (+Tevatron) 
                                  
 
Nobel 2013 (Englert, Higgs) 

  

Important loop couplings                  
                                      ggH,ɣɣH,ZɣH, 



125 GeV particle H 
What it is?  
   HSM - Higgs boson of SM ? 
   h  or  a heavier scalar  
        (eg. H of CP-conserving 2HDM (MSSM))? 
   other state ? 
SM-like scenario is observed - so 
   all measured  H couplings are close to   
   the SM-prediction for absolute value  
                                                                         
                                                I. Ginzburg, MK , P. Osland 2001 



                   2HDM 
Soft viol. Z2 symmetry 
                                   (CP conserving case) 
 
SM-like h  
        H above 125 GeV, small couplings with W/Z  
 
SM-like H  
        h below 125 GeV, small couplings with W/Z, 
                                      H-> hh important 



Cancelation of quadratic divergencies 
Veltman condition - one-loop SM  
  or          

 
 
2HDM:Wu, Osland, Newton ~2000; Ma, 2001 
                Grządkowski, Osland ~ 2010 
                         (soft Z2 viol, two-loop, heavy Higgses)             
               Our work:one-loop, 2HDM (Mixed) SM-like h, H 
                                          2HDM+singlets, IDM+singlets  
                                       (Ma 2013,Darvishi, Ilnicka 2014)       
                
 

cancelation Q1=0 ->  
MH(SM) ~ 314 GeV 



Soft Z2 violation in 2HDM 

Z2 symmetry under  change of sign of one doublet 
All parameters real -> no CP violation,  
 
„Normal” 2HDM  vacuum    Barroso,Santos,Ferreira,Venhilho,Silva.. 
(mixed vacuum) 
 
useful parameters                                             
                                               
                                                                                        v1, v2>0  
 

 V = ½λ1(Φ₁†Φ₁)²+½λ₂(Φ₂†Φ₂)²+λ₃(Φ₁†Φ₁)(Φ₂†Φ₂) 

      + λ₄(Φ₁†Φ₂)(Φ₂†Φ₁)+½ [λ₅(Φ₁†Φ₂)²+h.c] 

  - ½m²₁₁(Φ₁†Φ₁)- ½m²₂₂(Φ†Φ₂)-½[m²₁₂(Φ₁†Φ₂)+h.c.] 

Potential 



 Vacuum states (2HDM with explicite Z2) 

Stable vacuum (positivity)  
 
 
                                          λ4 ± λ5 > - X,   X=√λ1λ2+λ3>0  
 
 Neutral vacua  

 Mixed M(v1 and v2 ≠ 0) 
 Inert  I1 (I2) [v1(v2) ≠ 0] 
    
 Charged breaking 
    vacuum CB 
 

Y = MH+
2 2/v2| Inert 



Phase diagrams Z2-sym. V 

Inert  (I1) vacuum 
for Mh=125 GeV  

coexistence 
of minima 



Relative couplings (w.r.s SM) 
For neutral Higgs particles hi (i = 1,2,3) 
 
 
 
there are relations among couplings, eg 
                                                  Haber 
 
 
 

 
V=Z,W+/- 
u=up quarks (u,c,t) 
d=down quarks (d,s,b)  
    and charged leptons 



Masses (Mixed) 

We assume:  
   MH>Mh, ∆ M2/v2 (sin 2α /sin2β)= λ345-ν  
  α range  (- π/2, π/2)  (cos α>0) 
  β range (0, π/2)  
so β-α from –π/2 to π ( in 2HDMC only to π/2 !) 



Lambdas vs masses 



 
SM-like scenarios h+, H+, H- 
,  defined by couplings to gauge bosons in terms of 
relative’ couplings sin(β-α)~ +1, cos(β-α)~±1 

                             
 
 
                                                                    β-α 
 
 
                                                                   α <0 
                                                              β ~ α = π/2   
 
 



Application of Veltman condition 



Veltman condition for 2HDM (II)  

 
 

From 
2HDM 

Results  for SM-like h For SM-like H 
         
 



ν=0 

only very small tan β 

only very large  tan β 

SM-like H 



Scan 

Scan for masses 124-127 GeV, tan beta 0.2 – 100, 
M± > 300 GeV. 
 
Mathematica and C++ (N. Darvishi) 
2HDMC (not for SM-H_) 
 
Cross check re unitarity limits on lambdas, 
                         some exp. constraints   
                          



SM-H+ (solution only for ν=0) 
 

t        b 

for partner h 



SM-H_ (solution only for ν=0) 
 

for partner h 

  t    b 

wrong sign Htt 



LEP 



SM-like h (solutions only for ν>0)   

exp. 3�  

t      b 



For SM-like  h   V ~ 0.90-0.97   

wrong 
sign 
hbb 



For SM-like  h   V ~ 0.90-0.97  

wrong sign htt 



         t         b 

SM-like h  

for partner H 

in GeV 



Summary of  results of application 
of Veltman condition for 2HDM (II) 
SM-like H±: solutions only for ν=0,|V|~0.999,    
                       very light h (1- 8 GeV), tan β > 40 
 H+    MH 124.6-126.8 GeV, Mh 1.9-7.3 GeV 
              MA 100-230 GeV, M±< 310-340 GeV, 
                                                                  tan β>42.4 
 H-    MH 124.2-126.3 GeV, Mh 1.2-7.2 GeV 
             MA 110-350 GeV, M±350-360 GeV tan β > 44 
 
        
Problem with couplings to b both  
for SM-like H  and a partner h – excluded !! 



Results for SM-h 
SM-h:  solutions only for ν > 0, V ~ 0.99,    
                       heavy  H > 450 GeV, tan β < 1 
 
      Mh  124.7-125.6 GeV, MH 446- 795  GeV 
          MA 135.6-500 GeV, M± ~360 GeV,  
          m12 178-443 GeV, tan β <0.68,  
         at 3�  in agreement with S,T,U 
                                                
                                               OK ? 
 
 
                                 



Veltman condition for other models 

Two scalar doublets (2,1) of SU(2)xU(1) 
One singlet (1,Y ) of SU(2)xU(1) 
                                                             

Potential (2 doublet + real singlet) 
V= V_2HDM(soft viol.Z2) + m2 2   

A. Ilnicka 

if complex singlet 



Vacuum structure  

Mixed(s) 
 
 
Inert(s)                                         = 0 
                                                        

For Inert case Z2 symmetry  Φ₂ -> - Φ₂    
for singlet with zero vev Z2’ 



Positivity conditions 



Veltman condition  

Mixed(s) 
Type I 
(real s) 

Mixed(s) 
Type II 
(real s) 

A. Ilnicka 



Veltman condition 

Inert(s) 
real 
singlet  
 



Veltman condition 



Conclusions 

We investigated consequences of cancelation 
of quadratic divergencies (Veltman condition) 
at one loop  
 
 for SM-like scenarios for Mixed 2HDM  
     with ~125 GeV h for V ~ 1              OK 
             ~125 GeV  H for V ~ +1, -1    NO 
 difficult to get solution for other models with 

two doublets and singlets  
 
 
 
 
 


	Slajd numer 1
	Plan of the talk
	LHC 
	125 GeV particle H
	                   2HDM
	Cancelation of quadratic divergencies
	Soft Z2 violation in 2HDM
	 Vacuum states (2HDM with explicite Z2)
	Phase diagrams Z2-sym. V
	Relative couplings (w.r.s SM)
	Masses (Mixed)
	Lambdas vs masses
	�SM-like scenarios h+, H+, H-�, 
	Application of Veltman condition
	Veltman condition for 2HDM (II) 
	Slajd numer 16
	Scan
	SM-H+ (solution only for =0)�
	SM-H_ (solution only for =0)�
	LEP
	SM-like h (solutions only for >0)  
	For SM-like  h   V ~ 0.90-0.97  
	For SM-like  h   V ~ 0.90-0.97 
	SM-like h 
	Summary of  results of application of Veltman condition for 2HDM (II)
	Results for SM-h
	Veltman condition for other models
	Vacuum structure 
	Positivity conditions
	Veltman condition 
	Veltman condition
	Veltman condition
	Conclusions

