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Standard  Model  and  Higgs  Physics

Standard  Model  is  based  on  SU(3)CxSU(2)LxU(1)Y  gauge  interaction.

Only  one  Higgs  doublet  Φ (Η) doing  all  jobs

Symmetry  breaking
Generate  masses  for  all  SM  particles
One  physical  neutral  scalar  Higgs  boson  φ0 (η)

The  “God”  particle

When  going  beyond  SM,  more  possibilities!

Multi-dobulet  Higgs,  Singlet  Higgs  and  higher  dimensional  Higgs  multi-plets…
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SM  Higgs  couplings  properties
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λWZ=δW/2δZ =1
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(H=φ0 (h))



Main  contributions  for  pp  to  H  X
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The  125  GeV  Higgs  is  consistent  with  SM  one!
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Beyond  SM  Higgs  properties  ?

H:  (J,  Y)                                                      In  general  there  will  be  
Concentrate  on  ρ and  λW   charged  Higgs  bosons
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Theoretical  models  with  different  Higgs  Couplings

A  general  model    H  (2,-1/2),  χ (3,1),  ξ (3,0)
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J-Y  Cen,  R-H  Chen,  X-G  He  and  J-Y  Su,    aXiv:  1803.05245  



But  hH,  hχ and  hξ are  in  general  not  mass  eigen-states.  
Need  to  be  more  careful.
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Physical  Higgs  boson



Imposing  ρ =1
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Example  α13=0

λWZ can  vary  a  wide  range
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The  Georgi-Machacek  model,  
ρ=1  protected  by  Custodial  symmetryeorg

Conditions  for  the  general  model  =>  Georgi-Machacek model,  



In  the  GM  model
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Charged  Higgs  bosons

In  general  model
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No  charged  Higgs  in  SM.  No  HWZ  tree  couplings  
in  multi-doublet  Higgs  models



Measuring  the  ratio  of  HWW  and  HZZ  couplings  

LHC  run  I  2σ range
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C.-W. Chiang， X.-G. Heand Gang Li, arXiv: 1805.01698

LHC  run  II  2σ range

Can  reach



Measuring  λWZ using  W+W-H  production

At  LHC,  too  much  back  ground  not  practical
e+e- machine  may  be  a  better  place  for  such  a  study.
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LHC  run  I  2σ range



e+e- ->  W+W-H
Benchmark  scenarios
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Total  cross  section



B  =  (κW,κZ)  combined  branching  ratio  of  H  and  W
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These  are  cut  coefficients  for  various  parts.

ILC  500  GeV as  an  example
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Conclusions

Beyond SM Higgs sector can have very different couplings of
Higgs to gauge bosons compared with SM.

Even with ρ = 1 constraint, the ratio λWZ can still take a wide
ranges. Need experimental data to reveal Higgs sector
structure.

Deviations from SM predictions is possible to be studied at ILC.
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