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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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Beyond the SM

¢ Quantum gravity
& Neutrino oscillations
& Matter—antimatter asymmetry

& The hierarchy problem
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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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& Type I: one Higgs doublet couples to fermions

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

The Dafterent Types of 2HDM

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)




The Goal of a Monte Carlo Simulation

¢ Monte Carlo simulations allow us to make
realistic predictions

kkkkhkhkhkhkhkhkhkhkhkhhkhhkhhkhkhkhhhkhkhhhkhkhhkhkhhkhkhkhhhkhkhhkhkhkhkhkhhkhhkhhkhhhhkik

WELCOME to
MADGRAPHS _aMC@NLDO

* *
* * * *
% % * 5 % % % *
* * % *
* *
VERSION 2.9.15 2023-05-12

The MadGraph5_alMC@NLO Development Team - Find us at
https://server06.fynu.ucl.ac.be/projects/madgraph
and
http://amcatnlo.web.cern.ch/amcatnlo/

Type 'help' for in-line help.
Type 'tutorial' to learn how MG5 works
Type 'tutorial aMCatNLO' to learn how aMC@NLO works
Type 'tutorial MadLoop' to learn how MadLoop works
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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 “bg >b ¢, @ > b b~" Process

& The Higgs to b b~ signal 1s 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




Getting Results

Results in the MSSM_SLHA2 forbg>b h3, h3 >bb~,gb>bh3, h3 >bb~, b~g>b~h3, ...

Available Results
[ Run | Collider __ [Banner Cross section (pb)

0.04457 + 5.8e-05 + systematics |20000

pp

0.0001694 + 2.4e-07 + systematics

1.092e-05 + 1.5e-08 + sys

Main Page




Getting Results

Results in the MSSM_SLHA2 forpp>bbb~/h3,pp>b~bb~/h3,pp>bb~j

Available Results

349.0 + 0.33 + systematics |

tematics

72+ 5 e ; r e
7.21 + 0.034 + systematics (20000 remove run | launch detector simulation

Main Page




Comparing with ATLAS
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