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Theoretical�structure�of�the�2HDM



Motivation�for�a�general�analysis��

¾

¾ Symmetries�(such�as�discrete�symmetries�or�supersymmetry)
can�distinguish�between����������������������,�and�select�out�a
specific�basis�for�the�scalar�fields,�which�yield�additional
observables�(such�as�tan�ɴ).��

¾ Such�symmetries�are�typically�broken�symmetries,�so�that
below�the�symmetryͲbreaking�energy�scale,�the�effective
2HDM�is�generic,�and�all�possible�scalar�potential�terms�
can�appear.



The�Higgs�massͲeigenstate basis



A�first�step�toward�2HDM�benchmarks

¾The�general�2HDM�scalar�potential�has�too�many�parameters

¾The�LHC�Higgs�data�suggests�that�the�Higgs�boson�at�126�GeV
is�Standard�Model�(SM)Ͳlike.��Thus,�we�can�treat�the�deviations
from�SMͲlike�behavior�as�a�perturbation�to�simplify�the
general�analysis.�



¾A�SMͲlike�Higgs�boson�is�naturally�achieved�in�the�decoupling�
limit�in�which�Y2 >>�v.��In�this�limit,



Distinguishing�between�two�types�of�decoupling

¾ LargeͲmass�decoupling�

Below�the�scale�of�the�heavy�Higgs�bosons�of�mass�m2,3,
the�effective�scalar�theory�is�that�of�a�single�Higgs�doublet.

¾WeakͲcoupling�decoupling



Strategy�for�choosing�2HDM�benchmark�points





A�further�simplification:�The�CPͲconserving�limit:



CPͲconserving�2HDM�benchmarks



Decoupling�limit�without�heavy�Higgs�masses

The�case�of�Z6=0�is�special�(since�it�forbids�H1–H2�mixing).��It�leads�
to�one�scalar�state�h�with�exact�SM�treeͲlevel�couplings.���The�other
Higgs�states�have�independent�masses,

In�light�of�the�scalar�potential�minimum�conditions,�we�have�
Y3= Z6=0.��This�condition�is�not�natural�unless�Z7=0�as�well,�in�
which�case�we�have�a�Z2��symmetry�in��the�Higgs�basis.��The�
2HDM�with�Y3=�Z6=Z7=0�is�called�the�inert�2HDM.��In�this�model,�
the�Higgs�potential�is�CPͲconserving,�and�the�Higgs�basis�field�
H1�is�identical�to�the�SM�Higgs�boson.���The�lightest�neutral�
scalar�inside�H2 is�absolutely�stable� (and�provides�a�possible�
candidate�for�dark�matter).





Higgs�Yukawa�couplings�in�the�2HDM







Special�case:� a�CPͲconserving�Higgs�potential�





Special�Case:�Higgs�bosons�couple�to�only�one�generation�of�fermions

To�sidestep�the�problem�of�HiggsͲmediated�FCNCs,��suppose�that�the�
Higgs�bosons�couple�primarily�to�thirdͲgeneration�quarks�and�leptons.�





Example:�TypeͲII�2HDM�HiggsͲfermion�couplings



Conclusions
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Example:�decoupling�of�the�nonͲminimal�Higgs�bosons�
of�the�MSSM�Higgs�sector�(treeͲlevel�analysis)




