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Introduction



Introduction
The Higgs

I Higgs was experimentally discovered in 2012
I Confirmation of Standard Model predictions
I Parameterized Higgs self coupling term in the Higgs potential important to
electroweak symmetry breaking, but weakly bound experimentally

Source
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http://quantum-bits.org/wp-content/uploads/2012/08/higgs-hat.png


Introduction
Background Process

Bottom Quarks
Light Quarks

Leptons
I Singular background process 100,000x larger than signal [4]
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Introduction
Separating the sheep from the goats

I How do we di�erentiate between the signal and the background?
I Kinematic variables!
I Based o� work on the di-leptonic channel [3] which is consideredmuch better

Source Source
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https://external-content.duckduckgo.com/iu/?u=https%3A%2F%2Fphys.libretexts.org%2F%40api%2Fdeki%2Ffiles%2F19362%2Fclipboard_e9f7b698a45c3d9d6f429031a6a442817.png%3Frevision%3D1&f=1&nofb=1
https://www.pmf.unizg.hr/_download/repository/prezTinHadziVeljkovic.pdf
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Procedure

MadGraph Generates the events
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Methods
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MadGraph

Pythia

Generates the events

Decays all the products fully
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MadGraph

Pythia

Delphes

Generates the events

Decays all the products fully

Simulates CMS detector’s response
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Methods
Procedure

MadGraph

Pythia

Delphes

Analysis

Generates the events

Decays all the products fully

Simulates CMS detector’s response

Calculate kinematic variables
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Methods
Procedure

MadGraph

Pythia

Delphes

Analysis

Neural Network

Generates the events

Decays all the products fully

Simulates CMS detector’s response

Calculate kinematic variables

Separates signal from background

8



Methods
Significance (Howwell are they di�erentiated?)

Total Generated Events

Significance =
Sexp√
Bexp

Nexp = Acc() · σ ·
∫
L dt · BR()︸ ︷︷ ︸
Fixed 9
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Methods
Significance (Howwell are they di�erentiated?)

Total Generated Events

Maximize hh Accp()

Minimize tt Accp()

Maximizes Sexp

Minimizes Bexp

Larger significance

Significance =
Sexp√
Bexp

Nexp = Acc() · σ ·
∫
L dt · BR()︸ ︷︷ ︸
Fixed

(1)
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Results
New Kinematic Variables

Figure 3: Parton Level∆Rlj: angular separation between the lepton and one of the light jets
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Results
New Kinematic Variables

Figure 4: Parton Level∆Rlb: angular separation of the lepton and one of the b-jets
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Results
New Kinematic Variables

Figure 5: Reconstructed invarient masses based o� high level variables Higgsness and Topness
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Results
Significance

Nsig Nbknd σ

Low Level (10) BDT from [2] 134.34 866,990.56 0.13
Low Level (10) NN 73.29 90,111.28 0.24
High Level (14) NN 54.63 31,897.80 0.31

Extra Variables (21) NN 78.87 40,669.67 0.39

Table 1: Comparison of Neural Networks with di�erent inputs. Nsig and Nbknd calcuated using Eq.
(1). We follow [1] and [3] for applying the high level variables to semi-leptonic channel.
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Thank You! Thank you Dr. Ivanov!

Thank you NSF for the opportunity!

Thanks to Dr. Jeong Han Kim and collaborators for sharing their code
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Low Level Kinematic Variables
mjj Invariant mass of jets mbb Invariant mass of the b-jets
PTl Transverse momentum of lepton �ET Missing transverse momentum
∆Rjj Angular separation between jets PT,ljj Transverse momentum of ljj
PT,bb Transverse momentum of b-jets ∆φbb ljj Angle between bb and ljj system
∆Rbb Angle between b-jets ∆Rljj Angle between l and ljj system
∆Rbb Angular separation between b-jets ∆Rl jj Angular separation of l and bb
∆Rlj Angular separation of l and one j ∆Rlb Angular separation of l and one b

Mid Level Kinematic Variables
mH
lν Hness reconstructed lν system mT

lν Tness reconstructed lν system
mH
lνjj Hness reconstructed lνjj system

High Level Kinematic Variables
Tness Consistent with tt production? Hness Consistent with hh production?√
ŝ(ljjbb)min Minimum COM energy for lbbjj

√
ŝ(ljj)min Minimum COM energy for ljj

Tness_T Top Hypothesis Tness
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