
The Search for 2HDM
Dr. Chung Kao and Ishan Varma



The Standard Model

It’s a quantum field theory



The Standard Model

It’s a quantum field theory

It’s successful…



The Standard Model

It’s a quantum field theory

It’s successful…

… for the most part



The Standard Model

It’s a quantum field theory

It’s successful…

… for the most part

It serves as the foundation for new theories



The Standard Model

It’s a quantum field theory

It’s successful…

… for the most part

It serves as the foundation for new theories

It’s often contained within new theories
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Quantum gravity

Neutrino oscillations

Matter–antimatter asymmetry

The hierarchy problem



How About Two Higgs Doublets?

The Two Higgs Doublet Model (2HDM) addresses several 

problems with the Standard Model



How About Two Higgs Doublets?

The Two Higgs Doublet Model (2HDM) addresses several 

problems with the Standard Model

2HDM generally postulates five Higgs bosons including two 

Higgs doublets

h, H, A, and H±
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The Different Types of  2HDM

Type I: one Higgs doublet couples to fermions

Type II: the neutral member of  one Higgs doublet couples to 

up type quarks while the neutral member of  the other Higgs 

doublet couples to down type quarks and leptons

Type III: a more general model for the Yukawa couplings 

involving flavor–changing–neutral–currents (FCNC’s)
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The Goal of  a Monte Carlo Simulation

Monte Carlo simulations allow us to make 

realistic predictions

Signal and background predictions

Examples include MadGraph and PYTHIA
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Running a Simulation

To make theoretical changes, we adjust the 

parameters

We can change the particle masses, Yukawa 

couplings, etc.

We then adjust our simulations based on which 

detector we’re simulating for

This means making the right cuts for pseudo–

rapidity, distance between jets, etc.
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The “b g > b φ, φ > b b~” Process

The Higgs to b b~ signal is notoriously difficult to detect due to 

large backgrounds

This makes it a rich area for study

We can use MadGraph to change not only the mass of  the Higgs 

boson involved but also the type of  Higgs boson
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Comparing with ATLAS
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