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Higgs and BSM

• 125 GeV Higgs boson, a SM like Higgs.

• It  can be the candidate of  the BSM, consistent with Higgs data as well.

Generic 2 Higgs doublet model(2HDM), 
SM Higgs doublet + second Higgs doublet

e.g MSSM, NMSSM can accommodate 125 GeV Higgs.
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Presence of Charged Higgs is unique. 
Discovery of it, an um ambiguous signal of BSM. 

• So far no signal of BSM is observed.

   SM-like Higgs as a candle,  probe BSM.



  Two Higgs Doublet model 
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Two Higgs Doublet with Y=+1/2
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Minimum of the scalar potential preserves U(1) symmetry:  
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Higgs Boson States

Five Higgs Boson states:
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Masses:



Charged Higgs Couplings

Type UR DR LR �UU �DD �LL

I + + + cot� cot� cot�

II + � � cot� � tan� � tan�

III + � + cot� � tan� cot�

IV + + � cot� cot� � tan�

Table 1. Assignment of Z2 charges for the right-handed fermions, and the resulting relations
among Yukawa coupling matrices in the Z2-symmetric types of 2HDM Yukawa sectors. The Higgs
doublets �1 and �2 have Z2 quantum numbers � and +, respectively.

In these cases, the �F matrices are proportional to the unit matrix such that the diagonal

matrix elements of �F are equal to �FF . Our conventions for the types and the resulting

�FF are listed in Table 1.

The couplings of the charged Higgs boson to fermions, which are of relevance for our

studies, are given by �igH+f̄f 0

, with

gH+ūidj =
V CKM
ijp
2MW


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1� �5
2

+ �DD
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2

�
, (2.19)

gH+⌫̄`` =
1p

2MW

�LL
1 + �5

2
, (2.20)

for the charged Higgs boson interactions with quarks and leptons, respectively. Here, V CKM

is the Cabibbo-Kobayashi-Maskawa (CKM) matrix and MW is the W boson mass.

It is also possible to relax the Z2-symmetry, and consider generic Yukawa couplings,

such that the �F matrix elements are free parameters. In such a case, the charged Higgs

couplings to fermions read:

gH+ūidj =
V CKM
ijp
2MW


�U
ij

1� �5
2

+ �D
ij

1 + �5
2

�
, (2.21)

gH+⌫̄``0 =
1p

2MW

�L
``0

1 + �5
2

, (2.22)

where the �F
ij are free parameters. In the following, we will use the short-hand notations

�didj ⌘ �D
ij , �uiuj ⌘ �U

ij , �``0 ⌘ �L
``0 . We also restrict our analysis to the case of flavour

conserving couplings only where the �ij vanish if i 6= j. We are then left with nine free

parameters: �dd, �uu, �ss, �cc, �bb, �tt, �ee, �µµ, �⌧⌧ . Inspired by the hierarchy present in

the Z2-symmetric models, one can further restrict the �’s to

md|�dd| ⇠ mu|�uu| ⇠ 0 ,

ms|�ss| ⇠ mc|�cc| , mb|�bb| ⇠ mt|�tt| ,
me|�ee| ⌧ mµ|�µµ| ⌧ m⌧ |�⌧⌧ | .

(2.23)

Nevertheless, in our analysis, we will consider the nine couplings to be free and constrain

them with flavour observables.
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Nevertheless, in our analysis, we will consider the nine couplings to be free and constrain

them with flavour observables.
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Type II, MSSM type

LY =
2X

i=1

h
Q̄L�̃i⌘iUR + Q̄L�i⌘

D
i DR + L̄L�i⌘

L
i ER + h.c

i
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Assignment of Z2 charges, determine the pattern: 4types of  models



Couplings with Fermions

Type II and IV 

gH± t̄b ⇠ (mb +mt) cot�
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Type I and III

gH± t̄b ⇠ (mb tan�PR +mt cot�PL)
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<latexit sha1_base64="gAzimWrXUF1WEGNo+r7mNjtS35I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjK00oWy223bp7ibsToQS+iu8eFDx6t/x5r9x2+agrQ8GHu/NMDMvTgU36HnfTmlldW19o7xZ2dre2d2r7h88mCTTlAU0EYlux8QwwRULkKNg7VQzImPBWvHoZuq3npg2PFH3OE5ZJMlA8T6nBK30GCJRYcyQdKs1r+7N4C4TvyA1KNDsVr/CXkIzyRRSQYzp+F6KUU40cirYpBJmhqWEjsiAdSxVRDIT5bODJ+6JVXpuP9G2FLoz9fdETqQxYxnbTklwaBa9qfif18mwfxnlXKUZMkXni/qZcDFxp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMKjYEf/HlZRKc1a/q/t15rXFdpFGGIziGU/DhAhpwC00IgIKEZ3iFN0c7L8678zFvLTnFzCH8gfP5A0JykD8=</latexit><latexit sha1_base64="gAzimWrXUF1WEGNo+r7mNjtS35I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjK00oWy223bp7ibsToQS+iu8eFDx6t/x5r9x2+agrQ8GHu/NMDMvTgU36HnfTmlldW19o7xZ2dre2d2r7h88mCTTlAU0EYlux8QwwRULkKNg7VQzImPBWvHoZuq3npg2PFH3OE5ZJMlA8T6nBK30GCJRYcyQdKs1r+7N4C4TvyA1KNDsVr/CXkIzyRRSQYzp+F6KUU40cirYpBJmhqWEjsiAdSxVRDIT5bODJ+6JVXpuP9G2FLoz9fdETqQxYxnbTklwaBa9qfif18mwfxnlXKUZMkXni/qZcDFxp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMKjYEf/HlZRKc1a/q/t15rXFdpFGGIziGU/DhAhpwC00IgIKEZ3iFN0c7L8678zFvLTnFzCH8gfP5A0JykD8=</latexit><latexit sha1_base64="gAzimWrXUF1WEGNo+r7mNjtS35I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjK00oWy223bp7ibsToQS+iu8eFDx6t/x5r9x2+agrQ8GHu/NMDMvTgU36HnfTmlldW19o7xZ2dre2d2r7h88mCTTlAU0EYlux8QwwRULkKNg7VQzImPBWvHoZuq3npg2PFH3OE5ZJMlA8T6nBK30GCJRYcyQdKs1r+7N4C4TvyA1KNDsVr/CXkIzyRRSQYzp+F6KUU40cirYpBJmhqWEjsiAdSxVRDIT5bODJ+6JVXpuP9G2FLoz9fdETqQxYxnbTklwaBa9qfif18mwfxnlXKUZMkXni/qZcDFxp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMKjYEf/HlZRKc1a/q/t15rXFdpFGGIziGU/DhAhpwC00IgIKEZ3iFN0c7L8678zFvLTnFzCH8gfP5A0JykD8=</latexit><latexit sha1_base64="gAzimWrXUF1WEGNo+r7mNjtS35I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjK00oWy223bp7ibsToQS+iu8eFDx6t/x5r9x2+agrQ8GHu/NMDMvTgU36HnfTmlldW19o7xZ2dre2d2r7h88mCTTlAU0EYlux8QwwRULkKNg7VQzImPBWvHoZuq3npg2PFH3OE5ZJMlA8T6nBK30GCJRYcyQdKs1r+7N4C4TvyA1KNDsVr/CXkIzyRRSQYzp+F6KUU40cirYpBJmhqWEjsiAdSxVRDIT5bODJ+6JVXpuP9G2FLoz9fdETqQxYxnbTklwaBa9qfif18mwfxnlXKUZMkXni/qZcDFxp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMKjYEf/HlZRKc1a/q/t15rXFdpFGGIziGU/DhAhpwC00IgIKEZ3iFN0c7L8678zFvLTnFzCH8gfP5A0JykD8=</latexit>

tan�
<latexit sha1_base64="gAzimWrXUF1WEGNo+r7mNjtS35I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjK00oWy223bp7ibsToQS+iu8eFDx6t/x5r9x2+agrQ8GHu/NMDMvTgU36HnfTmlldW19o7xZ2dre2d2r7h88mCTTlAU0EYlux8QwwRULkKNg7VQzImPBWvHoZuq3npg2PFH3OE5ZJMlA8T6nBK30GCJRYcyQdKs1r+7N4C4TvyA1KNDsVr/CXkIzyRRSQYzp+F6KUU40cirYpBJmhqWEjsiAdSxVRDIT5bODJ+6JVXpuP9G2FLoz9fdETqQxYxnbTklwaBa9qfif18mwfxnlXKUZMkXni/qZcDFxp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMKjYEf/HlZRKc1a/q/t15rXFdpFGGIziGU/DhAhpwC00IgIKEZ3iFN0c7L8678zFvLTnFzCH8gfP5A0JykD8=</latexit><latexit sha1_base64="gAzimWrXUF1WEGNo+r7mNjtS35I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjK00oWy223bp7ibsToQS+iu8eFDx6t/x5r9x2+agrQ8GHu/NMDMvTgU36HnfTmlldW19o7xZ2dre2d2r7h88mCTTlAU0EYlux8QwwRULkKNg7VQzImPBWvHoZuq3npg2PFH3OE5ZJMlA8T6nBK30GCJRYcyQdKs1r+7N4C4TvyA1KNDsVr/CXkIzyRRSQYzp+F6KUU40cirYpBJmhqWEjsiAdSxVRDIT5bODJ+6JVXpuP9G2FLoz9fdETqQxYxnbTklwaBa9qfif18mwfxnlXKUZMkXni/qZcDFxp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMKjYEf/HlZRKc1a/q/t15rXFdpFGGIziGU/DhAhpwC00IgIKEZ3iFN0c7L8678zFvLTnFzCH8gfP5A0JykD8=</latexit><latexit sha1_base64="gAzimWrXUF1WEGNo+r7mNjtS35I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjK00oWy223bp7ibsToQS+iu8eFDx6t/x5r9x2+agrQ8GHu/NMDMvTgU36HnfTmlldW19o7xZ2dre2d2r7h88mCTTlAU0EYlux8QwwRULkKNg7VQzImPBWvHoZuq3npg2PFH3OE5ZJMlA8T6nBK30GCJRYcyQdKs1r+7N4C4TvyA1KNDsVr/CXkIzyRRSQYzp+F6KUU40cirYpBJmhqWEjsiAdSxVRDIT5bODJ+6JVXpuP9G2FLoz9fdETqQxYxnbTklwaBa9qfif18mwfxnlXKUZMkXni/qZcDFxp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMKjYEf/HlZRKc1a/q/t15rXFdpFGGIziGU/DhAhpwC00IgIKEZ3iFN0c7L8678zFvLTnFzCH8gfP5A0JykD8=</latexit><latexit sha1_base64="gAzimWrXUF1WEGNo+r7mNjtS35I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjK00oWy223bp7ibsToQS+iu8eFDx6t/x5r9x2+agrQ8GHu/NMDMvTgU36HnfTmlldW19o7xZ2dre2d2r7h88mCTTlAU0EYlux8QwwRULkKNg7VQzImPBWvHoZuq3npg2PFH3OE5ZJMlA8T6nBK30GCJRYcyQdKs1r+7N4C4TvyA1KNDsVr/CXkIzyRRSQYzp+F6KUU40cirYpBJmhqWEjsiAdSxVRDIT5bODJ+6JVXpuP9G2FLoz9fdETqQxYxnbTklwaBa9qfif18mwfxnlXKUZMkXni/qZcDFxp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMKjYEf/HlZRKc1a/q/t15rXFdpFGGIziGU/DhAhpwC00IgIKEZ3iFN0c7L8678zFvLTnFzCH8gfP5A0JykD8=</latexit>

low and High, both are favoured 

M2
H± = M2

A +M2
W

<latexit sha1_base64="ywH58TzS326v0RAy5i4uEmEYkco=">AAACBHicbVDLSgMxFM34rPU16lIXwSIIQpkpgroQqm66KVSwttBOh0yaaUOTzJBkhDJ048ZfceNCxa0f4c6/MW1noa0Xwjmccy839wQxo0o7zre1sLi0vLKaW8uvb2xubds7u/cqSiQmdRyxSDYDpAijgtQ11Yw0Y0kQDxhpBIObsd94IFLRSNzpYUw8jnqChhQjbSTfPqj6aaXTjvmoU4KXsOpfGTwx2DDo2wWn6EwKzhM3IwWQVc23v9rdCCecCI0ZUqrlOrH2UiQ1xYyM8u1EkRjhAeqRlqECcaK8dHLFCB4ZpQvDSJonNJyovydSxJUa8sB0cqT7atYbi/95rUSH515KRZxoIvB0UZgwqCM4jgR2qSRYs6EhCEtq/gpxH0mEtQkub0JwZ0+eJ/VS8aLo3p4WytdZGjmwDw7BMXDBGSiDCqiBOsDgETyDV/BmPVkv1rv1MW1dsLKZPfCnrM8f0pGVwg==</latexit><latexit sha1_base64="ywH58TzS326v0RAy5i4uEmEYkco=">AAACBHicbVDLSgMxFM34rPU16lIXwSIIQpkpgroQqm66KVSwttBOh0yaaUOTzJBkhDJ048ZfceNCxa0f4c6/MW1noa0Xwjmccy839wQxo0o7zre1sLi0vLKaW8uvb2xubds7u/cqSiQmdRyxSDYDpAijgtQ11Yw0Y0kQDxhpBIObsd94IFLRSNzpYUw8jnqChhQjbSTfPqj6aaXTjvmoU4KXsOpfGTwx2DDo2wWn6EwKzhM3IwWQVc23v9rdCCecCI0ZUqrlOrH2UiQ1xYyM8u1EkRjhAeqRlqECcaK8dHLFCB4ZpQvDSJonNJyovydSxJUa8sB0cqT7atYbi/95rUSH515KRZxoIvB0UZgwqCM4jgR2qSRYs6EhCEtq/gpxH0mEtQkub0JwZ0+eJ/VS8aLo3p4WytdZGjmwDw7BMXDBGSiDCqiBOsDgETyDV/BmPVkv1rv1MW1dsLKZPfCnrM8f0pGVwg==</latexit><latexit sha1_base64="ywH58TzS326v0RAy5i4uEmEYkco=">AAACBHicbVDLSgMxFM34rPU16lIXwSIIQpkpgroQqm66KVSwttBOh0yaaUOTzJBkhDJ048ZfceNCxa0f4c6/MW1noa0Xwjmccy839wQxo0o7zre1sLi0vLKaW8uvb2xubds7u/cqSiQmdRyxSDYDpAijgtQ11Yw0Y0kQDxhpBIObsd94IFLRSNzpYUw8jnqChhQjbSTfPqj6aaXTjvmoU4KXsOpfGTwx2DDo2wWn6EwKzhM3IwWQVc23v9rdCCecCI0ZUqrlOrH2UiQ1xYyM8u1EkRjhAeqRlqECcaK8dHLFCB4ZpQvDSJonNJyovydSxJUa8sB0cqT7atYbi/95rUSH515KRZxoIvB0UZgwqCM4jgR2qSRYs6EhCEtq/gpxH0mEtQkub0JwZ0+eJ/VS8aLo3p4WytdZGjmwDw7BMXDBGSiDCqiBOsDgETyDV/BmPVkv1rv1MW1dsLKZPfCnrM8f0pGVwg==</latexit><latexit sha1_base64="ywH58TzS326v0RAy5i4uEmEYkco=">AAACBHicbVDLSgMxFM34rPU16lIXwSIIQpkpgroQqm66KVSwttBOh0yaaUOTzJBkhDJ048ZfceNCxa0f4c6/MW1noa0Xwjmccy839wQxo0o7zre1sLi0vLKaW8uvb2xubds7u/cqSiQmdRyxSDYDpAijgtQ11Yw0Y0kQDxhpBIObsd94IFLRSNzpYUw8jnqChhQjbSTfPqj6aaXTjvmoU4KXsOpfGTwx2DDo2wWn6EwKzhM3IwWQVc23v9rdCCecCI0ZUqrlOrH2UiQ1xYyM8u1EkRjhAeqRlqECcaK8dHLFCB4ZpQvDSJonNJyovydSxJUa8sB0cqT7atYbi/95rUSH515KRZxoIvB0UZgwqCM4jgR2qSRYs6EhCEtq/gpxH0mEtQkub0JwZ0+eJ/VS8aLo3p4WytdZGjmwDw7BMXDBGSiDCqiBOsDgETyDV/BmPVkv1rv1MW1dsLKZPfCnrM8f0pGVwg==</latexit>

Mass(Type II/SUSY)



 Charged Higgs at the LHC 

mH± >> mt
<latexit sha1_base64="HacVtr8XoGQisNX3iU60MRRXc2M=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUC+l6KXHCsYW2hg22027dDcJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpbX1jc6u8XdnZ3ds/sA+PHlWSSUI9kvBEdkKsKGcx9TTTnHZSSbEIOW2Ho7uZ3x5TqVgSP+hJSn2BBzGLGMHaSIFtiyBvPvVSMUX1OhKBDuyqU3PmQKvELUgVCrQC+6vXT0gmaKwJx0p1XSfVfo6lZoTTaaWXKZpiMsID2jU0xoIqP59fPkVnRumjKJGmYo3m6u+JHAulJiI0nQLroVr2ZuJ/XjfT0bWfszjNNI3JYlGUcaQTNIsB9ZmkRPOJIZhIZm5FZIglJtqEVTEhuMsvrxLvonZTc+8vq43bIo0ynMApnIMLV9CAJrTAAwJjeIZXeLNy68V6tz4WrSWrmDmGP7A+fwDtHpK+</latexit><latexit sha1_base64="HacVtr8XoGQisNX3iU60MRRXc2M=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUC+l6KXHCsYW2hg22027dDcJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpbX1jc6u8XdnZ3ds/sA+PHlWSSUI9kvBEdkKsKGcx9TTTnHZSSbEIOW2Ho7uZ3x5TqVgSP+hJSn2BBzGLGMHaSIFtiyBvPvVSMUX1OhKBDuyqU3PmQKvELUgVCrQC+6vXT0gmaKwJx0p1XSfVfo6lZoTTaaWXKZpiMsID2jU0xoIqP59fPkVnRumjKJGmYo3m6u+JHAulJiI0nQLroVr2ZuJ/XjfT0bWfszjNNI3JYlGUcaQTNIsB9ZmkRPOJIZhIZm5FZIglJtqEVTEhuMsvrxLvonZTc+8vq43bIo0ynMApnIMLV9CAJrTAAwJjeIZXeLNy68V6tz4WrSWrmDmGP7A+fwDtHpK+</latexit><latexit sha1_base64="HacVtr8XoGQisNX3iU60MRRXc2M=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUC+l6KXHCsYW2hg22027dDcJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpbX1jc6u8XdnZ3ds/sA+PHlWSSUI9kvBEdkKsKGcx9TTTnHZSSbEIOW2Ho7uZ3x5TqVgSP+hJSn2BBzGLGMHaSIFtiyBvPvVSMUX1OhKBDuyqU3PmQKvELUgVCrQC+6vXT0gmaKwJx0p1XSfVfo6lZoTTaaWXKZpiMsID2jU0xoIqP59fPkVnRumjKJGmYo3m6u+JHAulJiI0nQLroVr2ZuJ/XjfT0bWfszjNNI3JYlGUcaQTNIsB9ZmkRPOJIZhIZm5FZIglJtqEVTEhuMsvrxLvonZTc+8vq43bIo0ynMApnIMLV9CAJrTAAwJjeIZXeLNy68V6tz4WrSWrmDmGP7A+fwDtHpK+</latexit><latexit sha1_base64="HacVtr8XoGQisNX3iU60MRRXc2M=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUC+l6KXHCsYW2hg22027dDcJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpbX1jc6u8XdnZ3ds/sA+PHlWSSUI9kvBEdkKsKGcx9TTTnHZSSbEIOW2Ho7uZ3x5TqVgSP+hJSn2BBzGLGMHaSIFtiyBvPvVSMUX1OhKBDuyqU3PmQKvELUgVCrQC+6vXT0gmaKwJx0p1XSfVfo6lZoTTaaWXKZpiMsID2jU0xoIqP59fPkVnRumjKJGmYo3m6u+JHAulJiI0nQLroVr2ZuJ/XjfT0bWfszjNNI3JYlGUcaQTNIsB9ZmkRPOJIZhIZm5FZIglJtqEVTEhuMsvrxLvonZTc+8vq43bIo0ynMApnIMLV9CAJrTAAwJjeIZXeLNy68V6tz4WrSWrmDmGP7A+fwDtHpK+</latexit>

mH± << mt
<latexit sha1_base64="JG/N0MngOI6qDMkVUx3Un4bwOkI=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUKGHopceKxhbaGPYbDft0t0k7G4KJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXphyprTjfFultfWNza3ydmVnd2//wD48elRJJgn1SMIT2QmxopzF1NNMc9pJJcUi5LQdju5mfntMpWJJ/KAnKfUFHsQsYgRrIwW2LYK8+dRLxRTV60gEOrCrTs2ZA60StyBVKNAK7K9ePyGZoLEmHCvVdZ1U+zmWmhFOp5VepmiKyQgPaNfQGAuq/Hx++RSdGaWPokSaijWaq78nciyUmojQdAqsh2rZm4n/ed1MR9d+zuI00zQmi0VRxpFO0CwG1GeSEs0nhmAimbkVkSGWmGgTVsWE4C6/vEq8i9pNzb2/rDZuizTKcAKncA4uXEEDmtACDwiM4Rle4c3KrRfr3fpYtJasYuYY/sD6/AHnAJK6</latexit><latexit sha1_base64="JG/N0MngOI6qDMkVUx3Un4bwOkI=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUKGHopceKxhbaGPYbDft0t0k7G4KJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXphyprTjfFultfWNza3ydmVnd2//wD48elRJJgn1SMIT2QmxopzF1NNMc9pJJcUi5LQdju5mfntMpWJJ/KAnKfUFHsQsYgRrIwW2LYK8+dRLxRTV60gEOrCrTs2ZA60StyBVKNAK7K9ePyGZoLEmHCvVdZ1U+zmWmhFOp5VepmiKyQgPaNfQGAuq/Hx++RSdGaWPokSaijWaq78nciyUmojQdAqsh2rZm4n/ed1MR9d+zuI00zQmi0VRxpFO0CwG1GeSEs0nhmAimbkVkSGWmGgTVsWE4C6/vEq8i9pNzb2/rDZuizTKcAKncA4uXEEDmtACDwiM4Rle4c3KrRfr3fpYtJasYuYY/sD6/AHnAJK6</latexit><latexit sha1_base64="JG/N0MngOI6qDMkVUx3Un4bwOkI=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUKGHopceKxhbaGPYbDft0t0k7G4KJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXphyprTjfFultfWNza3ydmVnd2//wD48elRJJgn1SMIT2QmxopzF1NNMc9pJJcUi5LQdju5mfntMpWJJ/KAnKfUFHsQsYgRrIwW2LYK8+dRLxRTV60gEOrCrTs2ZA60StyBVKNAK7K9ePyGZoLEmHCvVdZ1U+zmWmhFOp5VepmiKyQgPaNfQGAuq/Hx++RSdGaWPokSaijWaq78nciyUmojQdAqsh2rZm4n/ed1MR9d+zuI00zQmi0VRxpFO0CwG1GeSEs0nhmAimbkVkSGWmGgTVsWE4C6/vEq8i9pNzb2/rDZuizTKcAKncA4uXEEDmtACDwiM4Rle4c3KrRfr3fpYtJasYuYY/sD6/AHnAJK6</latexit><latexit sha1_base64="JG/N0MngOI6qDMkVUx3Un4bwOkI=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUKGHopceKxhbaGPYbDft0t0k7G4KJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXphyprTjfFultfWNza3ydmVnd2//wD48elRJJgn1SMIT2QmxopzF1NNMc9pJJcUi5LQdju5mfntMpWJJ/KAnKfUFHsQsYgRrIwW2LYK8+dRLxRTV60gEOrCrTs2ZA60StyBVKNAK7K9ePyGZoLEmHCvVdZ1U+zmWmhFOp5VepmiKyQgPaNfQGAuq/Hx++RSdGaWPokSaijWaq78nciyUmojQdAqsh2rZm4n/ed1MR9d+zuI00zQmi0VRxpFO0CwG1GeSEs0nhmAimbkVkSGWmGgTVsWE4C6/vEq8i9pNzb2/rDZuizTKcAKncA4uXEEDmtACDwiM4Rle4c3KrRfr3fpYtJasYuYY/sD6/AHnAJK6</latexit>

Present study

H� ! ⌧⌫, t̄b
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Charged Higgs Boson Production

gb ! tH�
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5FS 4FS
~ 15-20% Uncertainty, NNLO ~ 20% Uncertainty NLO

gg, qq̄ ! tbH�
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Harlander et.al 1112.3478

Total cross sections, by matching, “Santander Matching”



Higgs Production in 4 FS and 5FS

Type II and IV

Type I and III

�(pp ! tH± +X)
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Charged Higgs Decays
Figure 1: Charged Higgs branching ratios for four classes of 2HDM, setting mH =

mA = mH± = 500 GeV and sin(� � ↵) =1.
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like scenario [59]. As pointed out earlier, that the charged Higgs sector is severely

constrained by flavor physics data in addition to the direct searches of which details

can be found in reviews [27, 43].

3 Charged Higgs production

In the intermediate to heavier mass range (mH± & mt), the charged Higgs is produced

directly in proton-proton collision via the process,

pp ! tH� +X. (3.1)

At the parton level, the production mechanism is initiated via two subprocesses,

gg, qq̄ ! tb̄H� (4FS)

gb ! tH� (5FS) (3.2)
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mH = mA = mH± = 500 GeV, sin(� � ↵) = 1
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the dominant decay mode, except in Type IIIH� ! t̄b
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Signal and Background
pp ! tH�(b) ! t(tb)(b) ! (bW )(bWb)(b)
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(� 1) + b� jets
<latexit sha1_base64="ExCsO7NC/hDEEtgvZucB2Ky6UGI=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CRSyJCOqt6KXHCsYWmhI222m7drMJuxuhhN69+Fe8eFDx6i/w5r9x+3HQ1gcDj/dmmJkXJpwp7TjfVm5peWV1Lb9e2Njc2t6xd/fuVJxKCh6NeSybIVHAmQBPM82hmUggUcihEQ6ux37jAaRisbjVwwTaEekJ1mWUaCMFdrEWZBJoPMLHWAQ+cI7Lfg+we2SE8OQetArsklNxJsCLxJ2REpqhHthffiemaQRCU06UarlOotsZkZpRDqOCnypICB2QHrQMFSQC1c4mv4zwoVE6uBtLU0Ljifp7IiORUsMoNJ0R0X01743F/7xWqrsX7YyJJNUg6HRRN+VYx3gcDO4wk4PmQ0MIlczcimmfSEK1ia9gQnDnX14k3mnlsuLenJWqV7M08ugAFVEZuegcVVEN1ZGHKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPFOZiG</latexit><latexit sha1_base64="ExCsO7NC/hDEEtgvZucB2Ky6UGI=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CRSyJCOqt6KXHCsYWmhI222m7drMJuxuhhN69+Fe8eFDx6i/w5r9x+3HQ1gcDj/dmmJkXJpwp7TjfVm5peWV1Lb9e2Njc2t6xd/fuVJxKCh6NeSybIVHAmQBPM82hmUggUcihEQ6ux37jAaRisbjVwwTaEekJ1mWUaCMFdrEWZBJoPMLHWAQ+cI7Lfg+we2SE8OQetArsklNxJsCLxJ2REpqhHthffiemaQRCU06UarlOotsZkZpRDqOCnypICB2QHrQMFSQC1c4mv4zwoVE6uBtLU0Ljifp7IiORUsMoNJ0R0X01743F/7xWqrsX7YyJJNUg6HRRN+VYx3gcDO4wk4PmQ0MIlczcimmfSEK1ia9gQnDnX14k3mnlsuLenJWqV7M08ugAFVEZuegcVVEN1ZGHKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPFOZiG</latexit><latexit sha1_base64="ExCsO7NC/hDEEtgvZucB2Ky6UGI=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CRSyJCOqt6KXHCsYWmhI222m7drMJuxuhhN69+Fe8eFDx6i/w5r9x+3HQ1gcDj/dmmJkXJpwp7TjfVm5peWV1Lb9e2Njc2t6xd/fuVJxKCh6NeSybIVHAmQBPM82hmUggUcihEQ6ux37jAaRisbjVwwTaEekJ1mWUaCMFdrEWZBJoPMLHWAQ+cI7Lfg+we2SE8OQetArsklNxJsCLxJ2REpqhHthffiemaQRCU06UarlOotsZkZpRDqOCnypICB2QHrQMFSQC1c4mv4zwoVE6uBtLU0Ljifp7IiORUsMoNJ0R0X01743F/7xWqrsX7YyJJNUg6HRRN+VYx3gcDO4wk4PmQ0MIlczcimmfSEK1ia9gQnDnX14k3mnlsuLenJWqV7M08ugAFVEZuegcVVEN1ZGHKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPFOZiG</latexit><latexit sha1_base64="ExCsO7NC/hDEEtgvZucB2Ky6UGI=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CRSyJCOqt6KXHCsYWmhI222m7drMJuxuhhN69+Fe8eFDx6i/w5r9x+3HQ1gcDj/dmmJkXJpwp7TjfVm5peWV1Lb9e2Njc2t6xd/fuVJxKCh6NeSybIVHAmQBPM82hmUggUcihEQ6ux37jAaRisbjVwwTaEekJ1mWUaCMFdrEWZBJoPMLHWAQ+cI7Lfg+we2SE8OQetArsklNxJsCLxJ2REpqhHthffiemaQRCU06UarlOotsZkZpRDqOCnypICB2QHrQMFSQC1c4mv4zwoVE6uBtLU0Ljifp7IiORUsMoNJ0R0X01743F/7xWqrsX7YyJJNUg6HRRN+VYx3gcDO4wk4PmQ0MIlczcimmfSEK1ia9gQnDnX14k3mnlsuLenJWqV7M08ugAFVEZuegcVVEN1ZGHKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPFOZiG</latexit>

Top reconstruction: Jet Substructure  

Charged Higgs mass reconstruction:

Background: 
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<latexit sha1_base64="U/bkpc+xJ7CYnu5abciF2i4t0o0=">AAAB+nicbVDLSgMxFM3UV62vsS7dBEvBVZkRQV0IRTddVnBsoR2GTJppQ/MYkoxYhvkVNy5U3Pol7vwb08dCWw8EDufkcs89ccqoNp737ZTW1jc2t8rblZ3dvf0D97D6oGWmMAmwZFJ1Y6QJo4IEhhpGuqkiiMeMdOLx7dTvPBKlqRT3ZpKSkKOhoAnFyFgpcqutKFcEywJeQx7lJi5g5Na8hjcDXCX+gtTAAu3I/eoPJM44EQYzpHXP91IT5kgZihkpKv1MkxThMRqSnqUCcaLDfJa9gHWrDGAilX3CwJn6eyJHXOsJt7nqHJmRXvam4n9eLzPJZZhTkWaGCDxflGQMGgmnRcABtXcbNrEEYUVtVohHSCFsbF0VW4K/fPIqCc4aVw3/7rzWvFm0UQbH4AScAh9cgCZogTYIAAZP4Bm8gjencF6cd+dj/rXkLGaOwB84nz+WbZOy</latexit><latexit sha1_base64="U/bkpc+xJ7CYnu5abciF2i4t0o0=">AAAB+nicbVDLSgMxFM3UV62vsS7dBEvBVZkRQV0IRTddVnBsoR2GTJppQ/MYkoxYhvkVNy5U3Pol7vwb08dCWw8EDufkcs89ccqoNp737ZTW1jc2t8rblZ3dvf0D97D6oGWmMAmwZFJ1Y6QJo4IEhhpGuqkiiMeMdOLx7dTvPBKlqRT3ZpKSkKOhoAnFyFgpcqutKFcEywJeQx7lJi5g5Na8hjcDXCX+gtTAAu3I/eoPJM44EQYzpHXP91IT5kgZihkpKv1MkxThMRqSnqUCcaLDfJa9gHWrDGAilX3CwJn6eyJHXOsJt7nqHJmRXvam4n9eLzPJZZhTkWaGCDxflGQMGgmnRcABtXcbNrEEYUVtVohHSCFsbF0VW4K/fPIqCc4aVw3/7rzWvFm0UQbH4AScAh9cgCZogTYIAAZP4Bm8gjencF6cd+dj/rXkLGaOwB84nz+WbZOy</latexit><latexit sha1_base64="U/bkpc+xJ7CYnu5abciF2i4t0o0=">AAAB+nicbVDLSgMxFM3UV62vsS7dBEvBVZkRQV0IRTddVnBsoR2GTJppQ/MYkoxYhvkVNy5U3Pol7vwb08dCWw8EDufkcs89ccqoNp737ZTW1jc2t8rblZ3dvf0D97D6oGWmMAmwZFJ1Y6QJo4IEhhpGuqkiiMeMdOLx7dTvPBKlqRT3ZpKSkKOhoAnFyFgpcqutKFcEywJeQx7lJi5g5Na8hjcDXCX+gtTAAu3I/eoPJM44EQYzpHXP91IT5kgZihkpKv1MkxThMRqSnqUCcaLDfJa9gHWrDGAilX3CwJn6eyJHXOsJt7nqHJmRXvam4n9eLzPJZZhTkWaGCDxflGQMGgmnRcABtXcbNrEEYUVtVohHSCFsbF0VW4K/fPIqCc4aVw3/7rzWvFm0UQbH4AScAh9cgCZogTYIAAZP4Bm8gjencF6cd+dj/rXkLGaOwB84nz+WbZOy</latexit><latexit sha1_base64="U/bkpc+xJ7CYnu5abciF2i4t0o0=">AAAB+nicbVDLSgMxFM3UV62vsS7dBEvBVZkRQV0IRTddVnBsoR2GTJppQ/MYkoxYhvkVNy5U3Pol7vwb08dCWw8EDufkcs89ccqoNp737ZTW1jc2t8rblZ3dvf0D97D6oGWmMAmwZFJ1Y6QJo4IEhhpGuqkiiMeMdOLx7dTvPBKlqRT3ZpKSkKOhoAnFyFgpcqutKFcEywJeQx7lJi5g5Na8hjcDXCX+gtTAAu3I/eoPJM44EQYzpHXP91IT5kgZihkpKv1MkxThMRqSnqUCcaLDfJa9gHWrDGAilX3CwJn6eyJHXOsJt7nqHJmRXvam4n9eLzPJZZhTkWaGCDxflGQMGgmnRcABtXcbNrEEYUVtVohHSCFsbF0VW4K/fPIqCc4aVw3/7rzWvFm0UQbH4AScAh9cgCZogTYIAAZP4Bm8gjencF6cd+dj/rXkLGaOwB84nz+WbZOy</latexit>

� ⇠ 103pb
<latexit sha1_base64="fWRkPdI0BuE3ZxOKp2KvlIrv12c=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAIrsqMCuqu6MZlBccW2rFk0kwbmmSGJCPUofgrblyouPVD3Pk3po+Fth643MM595KbE6WcaeN5305hYXFpeaW4Wlpb39jccrd37nSSKUIDkvBENSKsKWeSBoYZThupolhEnNaj/tXIrz9QpVkib80gpaHAXcliRrCxUtvda2nWFRjZJpDv3Z+gNEJtt+xVvDHQPPGnpAxT1NruV6uTkExQaQjHWjd9LzVhjpVhhNNhqZVpmmLSx13atFRiQXWYj68fokOrdFCcKFvSoLH6eyPHQuuBiOykwKanZ72R+J/XzEx8HuZMppmhkkweijOOTIJGUaAOU5QYPrAEE8XsrYj0sMLE2MBKNgR/9svzJDiuXFT8m9Ny9XKaRhH24QCOwIczqMI11CAAAo/wDK/w5jw5L8678zEZLTjTnV34A+fzB6zck50=</latexit><latexit sha1_base64="fWRkPdI0BuE3ZxOKp2KvlIrv12c=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAIrsqMCuqu6MZlBccW2rFk0kwbmmSGJCPUofgrblyouPVD3Pk3po+Fth643MM595KbE6WcaeN5305hYXFpeaW4Wlpb39jccrd37nSSKUIDkvBENSKsKWeSBoYZThupolhEnNaj/tXIrz9QpVkib80gpaHAXcliRrCxUtvda2nWFRjZJpDv3Z+gNEJtt+xVvDHQPPGnpAxT1NruV6uTkExQaQjHWjd9LzVhjpVhhNNhqZVpmmLSx13atFRiQXWYj68fokOrdFCcKFvSoLH6eyPHQuuBiOykwKanZ72R+J/XzEx8HuZMppmhkkweijOOTIJGUaAOU5QYPrAEE8XsrYj0sMLE2MBKNgR/9svzJDiuXFT8m9Ny9XKaRhH24QCOwIczqMI11CAAAo/wDK/w5jw5L8678zEZLTjTnV34A+fzB6zck50=</latexit><latexit sha1_base64="fWRkPdI0BuE3ZxOKp2KvlIrv12c=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAIrsqMCuqu6MZlBccW2rFk0kwbmmSGJCPUofgrblyouPVD3Pk3po+Fth643MM595KbE6WcaeN5305hYXFpeaW4Wlpb39jccrd37nSSKUIDkvBENSKsKWeSBoYZThupolhEnNaj/tXIrz9QpVkib80gpaHAXcliRrCxUtvda2nWFRjZJpDv3Z+gNEJtt+xVvDHQPPGnpAxT1NruV6uTkExQaQjHWjd9LzVhjpVhhNNhqZVpmmLSx13atFRiQXWYj68fokOrdFCcKFvSoLH6eyPHQuuBiOykwKanZ72R+J/XzEx8HuZMppmhkkweijOOTIJGUaAOU5QYPrAEE8XsrYj0sMLE2MBKNgR/9svzJDiuXFT8m9Ny9XKaRhH24QCOwIczqMI11CAAAo/wDK/w5jw5L8678zEZLTjTnV34A+fzB6zck50=</latexit><latexit sha1_base64="fWRkPdI0BuE3ZxOKp2KvlIrv12c=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAIrsqMCuqu6MZlBccW2rFk0kwbmmSGJCPUofgrblyouPVD3Pk3po+Fth643MM595KbE6WcaeN5305hYXFpeaW4Wlpb39jccrd37nSSKUIDkvBENSKsKWeSBoYZThupolhEnNaj/tXIrz9QpVkib80gpaHAXcliRrCxUtvda2nWFRjZJpDv3Z+gNEJtt+xVvDHQPPGnpAxT1NruV6uTkExQaQjHWjd9LzVhjpVhhNNhqZVpmmLSx13atFRiQXWYj68fokOrdFCcKFvSoLH6eyPHQuuBiOykwKanZ72R+J/XzEx8HuZMppmhkkweijOOTIJGUaAOU5QYPrAEE8XsrYj0sMLE2MBKNgR/9svzJDiuXFT8m9Ny9XKaRhH24QCOwIczqMI11CAAAo/wDK/w5jw5L8678zEZLTjTnV34A+fzB6zck50=</latexit>

pp ! tt̄bb̄ ! (bW )(bW )bb̄
<latexit sha1_base64="Kuxaz4Y1CcSJm+wA4a8vcSOpDiY=">AAACF3icbVBNS8MwGE79nPOr6tFLcAjzMlsR1NvQi8cJ1g3WMpIs3cLStCSpMMp+hhf/ihcPKl715r8xayvo5gPJ+/A870vyPjjhTGnH+bIWFpeWV1Yra9X1jc2tbXtn907FqSTUIzGPZQcjRTkT1NNMc9pJJEUR5rSNR1dTv31PpWKxuNXjhAYRGggWMoK0kXr2cZJAX8dQQx8jaQouCM7VOm4fFdeP3LNrTsPJAeeJW5IaKNHq2Z9+PyZpRIUmHCnVdZ1EBxmSmhFOJ1U/VTRBZIQGtGuoQBFVQZYvNoGHRunDMJbmCA1z9fdEhiKlxhE2nRHSQzXrTcX/vG6qw/MgYyJJNRWkeChMOZwmYVKCfSYp0XxsCCKSmb9CMkQSEW2yrJoQ3NmV54l30rhouDenteZlmUYF7IMDUAcuOANNcA1awAMEPIAn8AJerUfr2Xqz3ovWBauc2QN/YH18A5MTnIo=</latexit><latexit sha1_base64="Kuxaz4Y1CcSJm+wA4a8vcSOpDiY=">AAACF3icbVBNS8MwGE79nPOr6tFLcAjzMlsR1NvQi8cJ1g3WMpIs3cLStCSpMMp+hhf/ihcPKl715r8xayvo5gPJ+/A870vyPjjhTGnH+bIWFpeWV1Yra9X1jc2tbXtn907FqSTUIzGPZQcjRTkT1NNMc9pJJEUR5rSNR1dTv31PpWKxuNXjhAYRGggWMoK0kXr2cZJAX8dQQx8jaQouCM7VOm4fFdeP3LNrTsPJAeeJW5IaKNHq2Z9+PyZpRIUmHCnVdZ1EBxmSmhFOJ1U/VTRBZIQGtGuoQBFVQZYvNoGHRunDMJbmCA1z9fdEhiKlxhE2nRHSQzXrTcX/vG6qw/MgYyJJNRWkeChMOZwmYVKCfSYp0XxsCCKSmb9CMkQSEW2yrJoQ3NmV54l30rhouDenteZlmUYF7IMDUAcuOANNcA1awAMEPIAn8AJerUfr2Xqz3ovWBauc2QN/YH18A5MTnIo=</latexit><latexit sha1_base64="Kuxaz4Y1CcSJm+wA4a8vcSOpDiY=">AAACF3icbVBNS8MwGE79nPOr6tFLcAjzMlsR1NvQi8cJ1g3WMpIs3cLStCSpMMp+hhf/ihcPKl715r8xayvo5gPJ+/A870vyPjjhTGnH+bIWFpeWV1Yra9X1jc2tbXtn907FqSTUIzGPZQcjRTkT1NNMc9pJJEUR5rSNR1dTv31PpWKxuNXjhAYRGggWMoK0kXr2cZJAX8dQQx8jaQouCM7VOm4fFdeP3LNrTsPJAeeJW5IaKNHq2Z9+PyZpRIUmHCnVdZ1EBxmSmhFOJ1U/VTRBZIQGtGuoQBFVQZYvNoGHRunDMJbmCA1z9fdEhiKlxhE2nRHSQzXrTcX/vG6qw/MgYyJJNRWkeChMOZwmYVKCfSYp0XxsCCKSmb9CMkQSEW2yrJoQ3NmV54l30rhouDenteZlmUYF7IMDUAcuOANNcA1awAMEPIAn8AJerUfr2Xqz3ovWBauc2QN/YH18A5MTnIo=</latexit><latexit sha1_base64="Kuxaz4Y1CcSJm+wA4a8vcSOpDiY=">AAACF3icbVBNS8MwGE79nPOr6tFLcAjzMlsR1NvQi8cJ1g3WMpIs3cLStCSpMMp+hhf/ihcPKl715r8xayvo5gPJ+/A870vyPjjhTGnH+bIWFpeWV1Yra9X1jc2tbXtn907FqSTUIzGPZQcjRTkT1NNMc9pJJEUR5rSNR1dTv31PpWKxuNXjhAYRGggWMoK0kXr2cZJAX8dQQx8jaQouCM7VOm4fFdeP3LNrTsPJAeeJW5IaKNHq2Z9+PyZpRIUmHCnVdZ1EBxmSmhFOJ1U/VTRBZIQGtGuoQBFVQZYvNoGHRunDMJbmCA1z9fdEhiKlxhE2nRHSQzXrTcX/vG6qw/MgYyJJNRWkeChMOZwmYVKCfSYp0XxsCCKSmb9CMkQSEW2yrJoQ3NmV54l30rhouDenteZlmUYF7IMDUAcuOANNcA1awAMEPIAn8AJerUfr2Xqz3ovWBauc2QN/YH18A5MTnIo=</latexit>

� ⇠ 10pb
<latexit sha1_base64="1169bHHmNPZeZUjWgwYnWit0bT8=">AAAB+XicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBPVW9OKxgmsL7VKyabYNTbJLklXK2p/ixYOKV/+JN/+NabsHbX0wzOO9GTJ5UcqZNp737ZRWVtfWN8qbla3tnd09t7p/r5NMERqQhCeqHWFNOZM0MMxw2k4VxSLitBWNrqd+64EqzRJ5Z8YpDQUeSBYzgo2Vem61q9lAYGSbQL6H0qjn1ry6NwNaJn5BalCg2XO/uv2EZIJKQzjWuuN7qQlzrAwjnE4q3UzTFJMRHtCOpRILqsN8dvoEHVulj+JE2ZIGzdTfGzkWWo9FZCcFNkO96E3F/7xOZuKLMGcyzQyVZP5QnHFkEjTNAfWZosTwsSWYKGZvRWSIFSbGplWxIfiLX14mwWn9su7fntUaV0UaZTiEIzgBH86hATfQhAAIPMIzvMKb8+S8OO/Ox3y05BQ7B/AHzucPICGSzg==</latexit><latexit sha1_base64="1169bHHmNPZeZUjWgwYnWit0bT8=">AAAB+XicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBPVW9OKxgmsL7VKyabYNTbJLklXK2p/ixYOKV/+JN/+NabsHbX0wzOO9GTJ5UcqZNp737ZRWVtfWN8qbla3tnd09t7p/r5NMERqQhCeqHWFNOZM0MMxw2k4VxSLitBWNrqd+64EqzRJ5Z8YpDQUeSBYzgo2Vem61q9lAYGSbQL6H0qjn1ry6NwNaJn5BalCg2XO/uv2EZIJKQzjWuuN7qQlzrAwjnE4q3UzTFJMRHtCOpRILqsN8dvoEHVulj+JE2ZIGzdTfGzkWWo9FZCcFNkO96E3F/7xOZuKLMGcyzQyVZP5QnHFkEjTNAfWZosTwsSWYKGZvRWSIFSbGplWxIfiLX14mwWn9su7fntUaV0UaZTiEIzgBH86hATfQhAAIPMIzvMKb8+S8OO/Ox3y05BQ7B/AHzucPICGSzg==</latexit><latexit sha1_base64="1169bHHmNPZeZUjWgwYnWit0bT8=">AAAB+XicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBPVW9OKxgmsL7VKyabYNTbJLklXK2p/ixYOKV/+JN/+NabsHbX0wzOO9GTJ5UcqZNp737ZRWVtfWN8qbla3tnd09t7p/r5NMERqQhCeqHWFNOZM0MMxw2k4VxSLitBWNrqd+64EqzRJ5Z8YpDQUeSBYzgo2Vem61q9lAYGSbQL6H0qjn1ry6NwNaJn5BalCg2XO/uv2EZIJKQzjWuuN7qQlzrAwjnE4q3UzTFJMRHtCOpRILqsN8dvoEHVulj+JE2ZIGzdTfGzkWWo9FZCcFNkO96E3F/7xOZuKLMGcyzQyVZP5QnHFkEjTNAfWZosTwsSWYKGZvRWSIFSbGplWxIfiLX14mwWn9su7fntUaV0UaZTiEIzgBH86hATfQhAAIPMIzvMKb8+S8OO/Ox3y05BQ7B/AHzucPICGSzg==</latexit><latexit sha1_base64="1169bHHmNPZeZUjWgwYnWit0bT8=">AAAB+XicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBPVW9OKxgmsL7VKyabYNTbJLklXK2p/ixYOKV/+JN/+NabsHbX0wzOO9GTJ5UcqZNp737ZRWVtfWN8qbla3tnd09t7p/r5NMERqQhCeqHWFNOZM0MMxw2k4VxSLitBWNrqd+64EqzRJ5Z8YpDQUeSBYzgo2Vem61q9lAYGSbQL6H0qjn1ry6NwNaJn5BalCg2XO/uv2EZIJKQzjWuuN7qQlzrAwjnE4q3UzTFJMRHtCOpRILqsN8dvoEHVulj+JE2ZIGzdTfGzkWWo9FZCcFNkO96E3F/7xOZuKLMGcyzQyVZP5QnHFkEjTNAfWZosTwsSWYKGZvRWSIFSbGplWxIfiLX14mwWn9su7fntUaV0UaZTiEIzgBH86hATfQhAAIPMIzvMKb8+S8OO/Ox3y05BQ7B/AHzucPICGSzg==</latexit>

pp ! jets
<latexit sha1_base64="1HM2Cq+W4LHUAUeFrAga0QZtfME=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsp+3aTbLsboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvkoJr47rfTmlldW19o7xZ2dre2d2r7h886DRTDH2WilS1I6pR8AR9w43AtlRI40hgKxrdTP3WEyrN0+TejCWGMR0kvM8ZNVYKpCSBSckjGk261Zpbd2cgy8QrSA0KNLvVr6CXsizGxDBBte54rjRhTpXhTOCkEmQaJWUjOsCOpQmNUYf57OYJObFKj/RTZSsxZKb+nshprPU4jmxnTM1QL3pT8T+vk5n+ZZjzRGYGEzZf1M8EsW9OAyA9rpAZMbaEMsXtrYQNqaLM2JgqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBgYRneIU3J3NenHfnY95acoqZQ/gD5/MHqbaQ+w==</latexit><latexit sha1_base64="1HM2Cq+W4LHUAUeFrAga0QZtfME=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsp+3aTbLsboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvkoJr47rfTmlldW19o7xZ2dre2d2r7h886DRTDH2WilS1I6pR8AR9w43AtlRI40hgKxrdTP3WEyrN0+TejCWGMR0kvM8ZNVYKpCSBSckjGk261Zpbd2cgy8QrSA0KNLvVr6CXsizGxDBBte54rjRhTpXhTOCkEmQaJWUjOsCOpQmNUYf57OYJObFKj/RTZSsxZKb+nshprPU4jmxnTM1QL3pT8T+vk5n+ZZjzRGYGEzZf1M8EsW9OAyA9rpAZMbaEMsXtrYQNqaLM2JgqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBgYRneIU3J3NenHfnY95acoqZQ/gD5/MHqbaQ+w==</latexit><latexit sha1_base64="1HM2Cq+W4LHUAUeFrAga0QZtfME=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsp+3aTbLsboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvkoJr47rfTmlldW19o7xZ2dre2d2r7h886DRTDH2WilS1I6pR8AR9w43AtlRI40hgKxrdTP3WEyrN0+TejCWGMR0kvM8ZNVYKpCSBSckjGk261Zpbd2cgy8QrSA0KNLvVr6CXsizGxDBBte54rjRhTpXhTOCkEmQaJWUjOsCOpQmNUYf57OYJObFKj/RTZSsxZKb+nshprPU4jmxnTM1QL3pT8T+vk5n+ZZjzRGYGEzZf1M8EsW9OAyA9rpAZMbaEMsXtrYQNqaLM2JgqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBgYRneIU3J3NenHfnY95acoqZQ/gD5/MHqbaQ+w==</latexit><latexit sha1_base64="1HM2Cq+W4LHUAUeFrAga0QZtfME=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsp+3aTbLsboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvkoJr47rfTmlldW19o7xZ2dre2d2r7h886DRTDH2WilS1I6pR8AR9w43AtlRI40hgKxrdTP3WEyrN0+TejCWGMR0kvM8ZNVYKpCSBSckjGk261Zpbd2cgy8QrSA0KNLvVr6CXsizGxDBBte54rjRhTpXhTOCkEmQaJWUjOsCOpQmNUYf57OYJObFKj/RTZSsxZKb+nshprPU4jmxnTM1QL3pT8T+vk5n+ZZjzRGYGEzZf1M8EsW9OAyA9rpAZMbaEMsXtrYQNqaLM2JgqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBgYRneIU3J3NenHfnY95acoqZQ/gD5/MHqbaQ+w==</latexit>

� ⇠ 108pb
<latexit sha1_base64="MaxVIetZfmVnCcsq9a/C/SHqCUI=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAIrsqMCNZd0Y3LCtYW2rFk0kwbmmSGJCPUofgrblyouPVD3Pk3pu0stPXA5R7OuZfcnDDhTBvP+3YKS8srq2vF9dLG5tb2jru7d6fjVBHaIDGPVSvEmnImacMww2krURSLkNNmOLya+M0HqjSL5a0ZJTQQuC9ZxAg2Vuq6Bx3N+gIj2wTyvfsqSkLUdctexZsCLRI/J2XIUe+6X51eTFJBpSEca932vcQEGVaGEU7HpU6qaYLJEPdp21KJBdVBNr1+jI6t0kNRrGxJg6bq740MC61HIrSTApuBnvcm4n9eOzVRNciYTFJDJZk9FKUcmRhNokA9pigxfGQJJorZWxEZYIWJsYGVbAj+/JcXSeO0clHxb87Ktcs8jSIcwhGcgA/nUINrqEMDCDzCM7zCm/PkvDjvzsdstODkO/vwB87nD7R/k6I=</latexit><latexit sha1_base64="MaxVIetZfmVnCcsq9a/C/SHqCUI=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAIrsqMCNZd0Y3LCtYW2rFk0kwbmmSGJCPUofgrblyouPVD3Pk3pu0stPXA5R7OuZfcnDDhTBvP+3YKS8srq2vF9dLG5tb2jru7d6fjVBHaIDGPVSvEmnImacMww2krURSLkNNmOLya+M0HqjSL5a0ZJTQQuC9ZxAg2Vuq6Bx3N+gIj2wTyvfsqSkLUdctexZsCLRI/J2XIUe+6X51eTFJBpSEca932vcQEGVaGEU7HpU6qaYLJEPdp21KJBdVBNr1+jI6t0kNRrGxJg6bq740MC61HIrSTApuBnvcm4n9eOzVRNciYTFJDJZk9FKUcmRhNokA9pigxfGQJJorZWxEZYIWJsYGVbAj+/JcXSeO0clHxb87Ktcs8jSIcwhGcgA/nUINrqEMDCDzCM7zCm/PkvDjvzsdstODkO/vwB87nD7R/k6I=</latexit><latexit sha1_base64="MaxVIetZfmVnCcsq9a/C/SHqCUI=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAIrsqMCNZd0Y3LCtYW2rFk0kwbmmSGJCPUofgrblyouPVD3Pk3pu0stPXA5R7OuZfcnDDhTBvP+3YKS8srq2vF9dLG5tb2jru7d6fjVBHaIDGPVSvEmnImacMww2krURSLkNNmOLya+M0HqjSL5a0ZJTQQuC9ZxAg2Vuq6Bx3N+gIj2wTyvfsqSkLUdctexZsCLRI/J2XIUe+6X51eTFJBpSEca932vcQEGVaGEU7HpU6qaYLJEPdp21KJBdVBNr1+jI6t0kNRrGxJg6bq740MC61HIrSTApuBnvcm4n9eOzVRNciYTFJDJZk9FKUcmRhNokA9pigxfGQJJorZWxEZYIWJsYGVbAj+/JcXSeO0clHxb87Ktcs8jSIcwhGcgA/nUINrqEMDCDzCM7zCm/PkvDjvzsdstODkO/vwB87nD7R/k6I=</latexit><latexit sha1_base64="MaxVIetZfmVnCcsq9a/C/SHqCUI=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAIrsqMCNZd0Y3LCtYW2rFk0kwbmmSGJCPUofgrblyouPVD3Pk3pu0stPXA5R7OuZfcnDDhTBvP+3YKS8srq2vF9dLG5tb2jru7d6fjVBHaIDGPVSvEmnImacMww2krURSLkNNmOLya+M0HqjSL5a0ZJTQQuC9ZxAg2Vuq6Bx3N+gIj2wTyvfsqSkLUdctexZsCLRI/J2XIUe+6X51eTFJBpSEca932vcQEGVaGEU7HpU6qaYLJEPdp21KJBdVBNr1+jI6t0kNRrGxJg6bq740MC61HIrSTApuBnvcm4n9eOzVRNciYTFJDJZk9FKUcmRhNokA9pigxfGQJJorZWxEZYIWJsYGVbAj+/JcXSeO0clHxb87Ktcs8jSIcwhGcgA/nUINrqEMDCDzCM7zCm/PkvDjvzsdstODkO/vwB87nD7R/k6I=</latexit>

! 2W + 3b or 4b
<latexit sha1_base64="/BzgZlzLm3B9kyOTzBJ+FGXhylA=">AAACBXicbVBPS8MwHE3nvzn/VT2KEByCIIx2DtTb0IvHCdYN1jLSLN3CkrQkqTDKTl78Kl48qHj1O3jz25huPejmg8Djvd+PX94LE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3v3Kk4lJh6OWSw7IVKEUUE8TTUjnUQSxENG2uHoOvfbD0QqGos7PU5IwNFA0IhipI3Usw99HcN6G57Cs9CHPsx8yWEsJzlvhD276tScKeAicQtSBQVaPfvL78c45URozJBSXddJdJAhqSlmZFLxU0UShEdoQLqGCsSJCrJpjAk8NkofRrE0T2g4VX9vZIgrNeahmeRID9W8l4v/ed1URxdBRkWSaiLw7FCUMmii553APpUEazY2BGFJzV8hHiKJsDbNVUwJ7nzkReLVa5c197ZRbV4VbZTBATgCJ8AF56AJbkALeACDR/AMXsGb9WS9WO/Wx2y0ZBU7++APrM8fqEKWQw==</latexit><latexit sha1_base64="/BzgZlzLm3B9kyOTzBJ+FGXhylA=">AAACBXicbVBPS8MwHE3nvzn/VT2KEByCIIx2DtTb0IvHCdYN1jLSLN3CkrQkqTDKTl78Kl48qHj1O3jz25huPejmg8Djvd+PX94LE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3v3Kk4lJh6OWSw7IVKEUUE8TTUjnUQSxENG2uHoOvfbD0QqGos7PU5IwNFA0IhipI3Usw99HcN6G57Cs9CHPsx8yWEsJzlvhD276tScKeAicQtSBQVaPfvL78c45URozJBSXddJdJAhqSlmZFLxU0UShEdoQLqGCsSJCrJpjAk8NkofRrE0T2g4VX9vZIgrNeahmeRID9W8l4v/ed1URxdBRkWSaiLw7FCUMmii553APpUEazY2BGFJzV8hHiKJsDbNVUwJ7nzkReLVa5c197ZRbV4VbZTBATgCJ8AF56AJbkALeACDR/AMXsGb9WS9WO/Wx2y0ZBU7++APrM8fqEKWQw==</latexit><latexit sha1_base64="/BzgZlzLm3B9kyOTzBJ+FGXhylA=">AAACBXicbVBPS8MwHE3nvzn/VT2KEByCIIx2DtTb0IvHCdYN1jLSLN3CkrQkqTDKTl78Kl48qHj1O3jz25huPejmg8Djvd+PX94LE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3v3Kk4lJh6OWSw7IVKEUUE8TTUjnUQSxENG2uHoOvfbD0QqGos7PU5IwNFA0IhipI3Usw99HcN6G57Cs9CHPsx8yWEsJzlvhD276tScKeAicQtSBQVaPfvL78c45URozJBSXddJdJAhqSlmZFLxU0UShEdoQLqGCsSJCrJpjAk8NkofRrE0T2g4VX9vZIgrNeahmeRID9W8l4v/ed1URxdBRkWSaiLw7FCUMmii553APpUEazY2BGFJzV8hHiKJsDbNVUwJ7nzkReLVa5c197ZRbV4VbZTBATgCJ8AF56AJbkALeACDR/AMXsGb9WS9WO/Wx2y0ZBU7++APrM8fqEKWQw==</latexit><latexit sha1_base64="/BzgZlzLm3B9kyOTzBJ+FGXhylA=">AAACBXicbVBPS8MwHE3nvzn/VT2KEByCIIx2DtTb0IvHCdYN1jLSLN3CkrQkqTDKTl78Kl48qHj1O3jz25huPejmg8Djvd+PX94LE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3v3Kk4lJh6OWSw7IVKEUUE8TTUjnUQSxENG2uHoOvfbD0QqGos7PU5IwNFA0IhipI3Usw99HcN6G57Cs9CHPsx8yWEsJzlvhD276tScKeAicQtSBQVaPfvL78c45URozJBSXddJdJAhqSlmZFLxU0UShEdoQLqGCsSJCrJpjAk8NkofRrE0T2g4VX9vZIgrNeahmeRID9W8l4v/ed1URxdBRkWSaiLw7FCUMmii553APpUEazY2BGFJzV8hHiKJsDbNVUwJ7nzkReLVa5c197ZRbV4VbZTBATgCJ8AF56AJbkALeACDR/AMXsGb9WS9WO/Wx2y0ZBU7++APrM8fqEKWQw==</latexit>

Hadronic

Leptonic

pp ! tt̄ ! (bW )(bW )
<latexit sha1_base64="pdMj6ZJaSJZF6fhTQVfdcSEHzus=">AAACBHicbVC7TsMwFHXKq5RXgBEGiwqpLFWCkICtgoWxSIRWaqLKcZ3WquNE9g1SVXVh4VdYGACx8hFs/A1OmwFarnTl43PulX1OmAquwXG+rdLS8srqWnm9srG5tb1j7+7d6yRTlHk0EYlqh0QzwSXzgINg7VQxEoeCtcLhda63HpjSPJF3MEpZEJO+5BGnBAzVtQ/TFPuQYMB+SFR+mEstbJ3k3bWrTt2ZFl4EbgGqqKhm1/7yewnNYiaBCqJ1x3VSCMZEAaeCTSp+pllK6JD0WcdASWKmg/HUxQQfG6aHo0SZloCn7O+NMYm1HsWhmYwJDPS8lpP/aZ0MootgzGWaAZN09lCUCZzbNpHgHleMghgZQKji5q+YDogiFExwFROCO295EXin9cu6e3tWbVwVaZTRATpCNeSic9RAN6iJPETRI3pGr+jNerJerHfrYzZasoqdffSnrM8flxKWQg==</latexit><latexit sha1_base64="pdMj6ZJaSJZF6fhTQVfdcSEHzus=">AAACBHicbVC7TsMwFHXKq5RXgBEGiwqpLFWCkICtgoWxSIRWaqLKcZ3WquNE9g1SVXVh4VdYGACx8hFs/A1OmwFarnTl43PulX1OmAquwXG+rdLS8srqWnm9srG5tb1j7+7d6yRTlHk0EYlqh0QzwSXzgINg7VQxEoeCtcLhda63HpjSPJF3MEpZEJO+5BGnBAzVtQ/TFPuQYMB+SFR+mEstbJ3k3bWrTt2ZFl4EbgGqqKhm1/7yewnNYiaBCqJ1x3VSCMZEAaeCTSp+pllK6JD0WcdASWKmg/HUxQQfG6aHo0SZloCn7O+NMYm1HsWhmYwJDPS8lpP/aZ0MootgzGWaAZN09lCUCZzbNpHgHleMghgZQKji5q+YDogiFExwFROCO295EXin9cu6e3tWbVwVaZTRATpCNeSic9RAN6iJPETRI3pGr+jNerJerHfrYzZasoqdffSnrM8flxKWQg==</latexit><latexit sha1_base64="pdMj6ZJaSJZF6fhTQVfdcSEHzus=">AAACBHicbVC7TsMwFHXKq5RXgBEGiwqpLFWCkICtgoWxSIRWaqLKcZ3WquNE9g1SVXVh4VdYGACx8hFs/A1OmwFarnTl43PulX1OmAquwXG+rdLS8srqWnm9srG5tb1j7+7d6yRTlHk0EYlqh0QzwSXzgINg7VQxEoeCtcLhda63HpjSPJF3MEpZEJO+5BGnBAzVtQ/TFPuQYMB+SFR+mEstbJ3k3bWrTt2ZFl4EbgGqqKhm1/7yewnNYiaBCqJ1x3VSCMZEAaeCTSp+pllK6JD0WcdASWKmg/HUxQQfG6aHo0SZloCn7O+NMYm1HsWhmYwJDPS8lpP/aZ0MootgzGWaAZN09lCUCZzbNpHgHleMghgZQKji5q+YDogiFExwFROCO295EXin9cu6e3tWbVwVaZTRATpCNeSic9RAN6iJPETRI3pGr+jNerJerHfrYzZasoqdffSnrM8flxKWQg==</latexit><latexit sha1_base64="pdMj6ZJaSJZF6fhTQVfdcSEHzus=">AAACBHicbVC7TsMwFHXKq5RXgBEGiwqpLFWCkICtgoWxSIRWaqLKcZ3WquNE9g1SVXVh4VdYGACx8hFs/A1OmwFarnTl43PulX1OmAquwXG+rdLS8srqWnm9srG5tb1j7+7d6yRTlHk0EYlqh0QzwSXzgINg7VQxEoeCtcLhda63HpjSPJF3MEpZEJO+5BGnBAzVtQ/TFPuQYMB+SFR+mEstbJ3k3bWrTt2ZFl4EbgGqqKhm1/7yewnNYiaBCqJ1x3VSCMZEAaeCTSp+pllK6JD0WcdASWKmg/HUxQQfG6aHo0SZloCn7O+NMYm1HsWhmYwJDPS8lpP/aZ0MootgzGWaAZN09lCUCZzbNpHgHleMghgZQKji5q+YDogiFExwFROCO295EXin9cu6e3tWbVwVaZTRATpCNeSic9RAN6iJPETRI3pGr+jNerJerHfrYzZasoqdffSnrM8flxKWQg==</latexit>
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Signal and Background Simulation

H
reco

+ t
reco

+ b� jets
<latexit sha1_base64="Am9lhTP9oP3V7fMaICqqO50svwQ=">AAACB3icbVDLSsNAFJ34rPUVdenCwSIIYklEUHdFN11WMLbQhjCZTtqxk0mYuRFK6NKNv+LGhYpbf8Gdf+P0AWrrgYHDOfdy55wwFVyD43xZc/MLi0vLhZXi6tr6xqa9tX2rk0xR5tFEJKoREs0El8wDDoI1UsVIHApWD3tXQ79+z5TmibyBfsr8mHQkjzglYKTA3qsGuWI0GeAjDD80xMf4joHGgV1yys4IeJa4E1JCE9QC+7PVTmgWMwlUEK2brpOCnxMFnAo2KLYyzVJCe6TDmoZKEjPt56MgA3xglDaOEmWeBDxSf2/kJNa6H4dmMibQ1dPeUPzPa2YQnfs5l2kGTNLxoSgTGBI8bAW3uUkOom8IoYqbv2LaJYpQMN0VTQnudORZ4p2UL8ru9Wmpcjlpo4B20T46RC46QxVURTXkIYoe0BN6Qa/Wo/VsvVnv49E5a7Kzg/7A+vgGg3mX7A==</latexit><latexit sha1_base64="Am9lhTP9oP3V7fMaICqqO50svwQ=">AAACB3icbVDLSsNAFJ34rPUVdenCwSIIYklEUHdFN11WMLbQhjCZTtqxk0mYuRFK6NKNv+LGhYpbf8Gdf+P0AWrrgYHDOfdy55wwFVyD43xZc/MLi0vLhZXi6tr6xqa9tX2rk0xR5tFEJKoREs0El8wDDoI1UsVIHApWD3tXQ79+z5TmibyBfsr8mHQkjzglYKTA3qsGuWI0GeAjDD80xMf4joHGgV1yys4IeJa4E1JCE9QC+7PVTmgWMwlUEK2brpOCnxMFnAo2KLYyzVJCe6TDmoZKEjPt56MgA3xglDaOEmWeBDxSf2/kJNa6H4dmMibQ1dPeUPzPa2YQnfs5l2kGTNLxoSgTGBI8bAW3uUkOom8IoYqbv2LaJYpQMN0VTQnudORZ4p2UL8ru9Wmpcjlpo4B20T46RC46QxVURTXkIYoe0BN6Qa/Wo/VsvVnv49E5a7Kzg/7A+vgGg3mX7A==</latexit><latexit sha1_base64="Am9lhTP9oP3V7fMaICqqO50svwQ=">AAACB3icbVDLSsNAFJ34rPUVdenCwSIIYklEUHdFN11WMLbQhjCZTtqxk0mYuRFK6NKNv+LGhYpbf8Gdf+P0AWrrgYHDOfdy55wwFVyD43xZc/MLi0vLhZXi6tr6xqa9tX2rk0xR5tFEJKoREs0El8wDDoI1UsVIHApWD3tXQ79+z5TmibyBfsr8mHQkjzglYKTA3qsGuWI0GeAjDD80xMf4joHGgV1yys4IeJa4E1JCE9QC+7PVTmgWMwlUEK2brpOCnxMFnAo2KLYyzVJCe6TDmoZKEjPt56MgA3xglDaOEmWeBDxSf2/kJNa6H4dmMibQ1dPeUPzPa2YQnfs5l2kGTNLxoSgTGBI8bAW3uUkOom8IoYqbv2LaJYpQMN0VTQnudORZ4p2UL8ru9Wmpcjlpo4B20T46RC46QxVURTXkIYoe0BN6Qa/Wo/VsvVnv49E5a7Kzg/7A+vgGg3mX7A==</latexit><latexit sha1_base64="Am9lhTP9oP3V7fMaICqqO50svwQ=">AAACB3icbVDLSsNAFJ34rPUVdenCwSIIYklEUHdFN11WMLbQhjCZTtqxk0mYuRFK6NKNv+LGhYpbf8Gdf+P0AWrrgYHDOfdy55wwFVyD43xZc/MLi0vLhZXi6tr6xqa9tX2rk0xR5tFEJKoREs0El8wDDoI1UsVIHApWD3tXQ79+z5TmibyBfsr8mHQkjzglYKTA3qsGuWI0GeAjDD80xMf4joHGgV1yys4IeJa4E1JCE9QC+7PVTmgWMwlUEK2brpOCnxMFnAo2KLYyzVJCe6TDmoZKEjPt56MgA3xglDaOEmWeBDxSf2/kJNa6H4dmMibQ1dPeUPzPa2YQnfs5l2kGTNLxoSgTGBI8bAW3uUkOom8IoYqbv2LaJYpQMN0VTQnudORZ4p2UL8ru9Wmpcjlpo4B20T46RC46QxVURTXkIYoe0BN6Qa/Wo/VsvVnv49E5a7Kzg/7A+vgGg3mX7A==</latexit>
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(� 1) + b� jets
<latexit sha1_base64="ExCsO7NC/hDEEtgvZucB2Ky6UGI=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CRSyJCOqt6KXHCsYWmhI222m7drMJuxuhhN69+Fe8eFDx6i/w5r9x+3HQ1gcDj/dmmJkXJpwp7TjfVm5peWV1Lb9e2Njc2t6xd/fuVJxKCh6NeSybIVHAmQBPM82hmUggUcihEQ6ux37jAaRisbjVwwTaEekJ1mWUaCMFdrEWZBJoPMLHWAQ+cI7Lfg+we2SE8OQetArsklNxJsCLxJ2REpqhHthffiemaQRCU06UarlOotsZkZpRDqOCnypICB2QHrQMFSQC1c4mv4zwoVE6uBtLU0Ljifp7IiORUsMoNJ0R0X01743F/7xWqrsX7YyJJNUg6HRRN+VYx3gcDO4wk4PmQ0MIlczcimmfSEK1ia9gQnDnX14k3mnlsuLenJWqV7M08ugAFVEZuegcVVEN1ZGHKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPFOZiG</latexit><latexit sha1_base64="ExCsO7NC/hDEEtgvZucB2Ky6UGI=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CRSyJCOqt6KXHCsYWmhI222m7drMJuxuhhN69+Fe8eFDx6i/w5r9x+3HQ1gcDj/dmmJkXJpwp7TjfVm5peWV1Lb9e2Njc2t6xd/fuVJxKCh6NeSybIVHAmQBPM82hmUggUcihEQ6ux37jAaRisbjVwwTaEekJ1mWUaCMFdrEWZBJoPMLHWAQ+cI7Lfg+we2SE8OQetArsklNxJsCLxJ2REpqhHthffiemaQRCU06UarlOotsZkZpRDqOCnypICB2QHrQMFSQC1c4mv4zwoVE6uBtLU0Ljifp7IiORUsMoNJ0R0X01743F/7xWqrsX7YyJJNUg6HRRN+VYx3gcDO4wk4PmQ0MIlczcimmfSEK1ia9gQnDnX14k3mnlsuLenJWqV7M08ugAFVEZuegcVVEN1ZGHKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPFOZiG</latexit><latexit sha1_base64="ExCsO7NC/hDEEtgvZucB2Ky6UGI=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CRSyJCOqt6KXHCsYWmhI222m7drMJuxuhhN69+Fe8eFDx6i/w5r9x+3HQ1gcDj/dmmJkXJpwp7TjfVm5peWV1Lb9e2Njc2t6xd/fuVJxKCh6NeSybIVHAmQBPM82hmUggUcihEQ6ux37jAaRisbjVwwTaEekJ1mWUaCMFdrEWZBJoPMLHWAQ+cI7Lfg+we2SE8OQetArsklNxJsCLxJ2REpqhHthffiemaQRCU06UarlOotsZkZpRDqOCnypICB2QHrQMFSQC1c4mv4zwoVE6uBtLU0Ljifp7IiORUsMoNJ0R0X01743F/7xWqrsX7YyJJNUg6HRRN+VYx3gcDO4wk4PmQ0MIlczcimmfSEK1ia9gQnDnX14k3mnlsuLenJWqV7M08ugAFVEZuegcVVEN1ZGHKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPFOZiG</latexit><latexit sha1_base64="ExCsO7NC/hDEEtgvZucB2Ky6UGI=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CRSyJCOqt6KXHCsYWmhI222m7drMJuxuhhN69+Fe8eFDx6i/w5r9x+3HQ1gcDj/dmmJkXJpwp7TjfVm5peWV1Lb9e2Njc2t6xd/fuVJxKCh6NeSybIVHAmQBPM82hmUggUcihEQ6ux37jAaRisbjVwwTaEekJ1mWUaCMFdrEWZBJoPMLHWAQ+cI7Lfg+we2SE8OQetArsklNxJsCLxJ2REpqhHthffiemaQRCU06UarlOotsZkZpRDqOCnypICB2QHrQMFSQC1c4mv4zwoVE6uBtLU0Ljifp7IiORUsMoNJ0R0X01743F/7xWqrsX7YyJJNUg6HRRN+VYx3gcDO4wk4PmQ0MIlczcimmfSEK1ia9gQnDnX14k3mnlsuLenJWqV7M08ugAFVEZuegcVVEN1ZGHKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPFOZiG</latexit>

• Leptons veto/select

• Construct Fatjets, then top tagging

• Charged Higgs Mass reconstruction

• Select one hard b jet
 

pp ! tH�(b) ! t(tb)(b) ! (bW )(bWb)(b)
<latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit><latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit><latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="ZjHSon9gpyE5fhkxy+q6q0FHw94=">AAACEXicbVDLSgMxFL1TX7VWrW7dBIswLiwzIqg7wU2XFaxTaMeSSdM2NPMguSOU0h9x46+4caHixp1/Y6YdQVsPBM4jl+SeIJFCo+N8WYWV1bX1jeJmaau8vbNb2Svf6ThVjDdZLGPVCqjmUkS8iQIlbyWK0zCQ3AtG11nuPXClRRzd4jjhfkgHkegLRtFY3cpZkpAOxgRJ/f6E2MFxrmw09EfagZcJj+Ret1J1as4MZJm4OalCjka38tnpxSwNeYRMUq3brpOgP6EKBZN8WuqkmieUjeiAtw2NaMi1P5ltNyVHxumRfqzMiZDM3N8TExpqPQ4DczOkONSLWWb+l7VT7F/4ExElKfKIzR/qp5JkBZiqSE8ozlCODaFMCfNXwoZUUYam0JIpwV1ceZk0T2uXNffGgSIcwCHY4MI5XEEdGtAEBo/wDK/wZj1ZL9b7vK2Clde2D39gfXwDIl+azg==</latexit><latexit sha1_base64="ZjHSon9gpyE5fhkxy+q6q0FHw94=">AAACEXicbVDLSgMxFL1TX7VWrW7dBIswLiwzIqg7wU2XFaxTaMeSSdM2NPMguSOU0h9x46+4caHixp1/Y6YdQVsPBM4jl+SeIJFCo+N8WYWV1bX1jeJmaau8vbNb2Svf6ThVjDdZLGPVCqjmUkS8iQIlbyWK0zCQ3AtG11nuPXClRRzd4jjhfkgHkegLRtFY3cpZkpAOxgRJ/f6E2MFxrmw09EfagZcJj+Ret1J1as4MZJm4OalCjka38tnpxSwNeYRMUq3brpOgP6EKBZN8WuqkmieUjeiAtw2NaMi1P5ltNyVHxumRfqzMiZDM3N8TExpqPQ4DczOkONSLWWb+l7VT7F/4ExElKfKIzR/qp5JkBZiqSE8ozlCODaFMCfNXwoZUUYam0JIpwV1ceZk0T2uXNffGgSIcwCHY4MI5XEEdGtAEBo/wDK/wZj1ZL9b7vK2Clde2D39gfXwDIl+azg==</latexit><latexit sha1_base64="TbK1TVXw1U2hZ+Du+BKsMj/vP/U=">AAACHHicbVBLS8NAEN74rPUV9ehlsQjxYElEUG9FLz1WMKbQxrLZbtqlmwe7E6GU/hEv/hUvHlS8eBD8N27aCNo6sPA9ZpidL0gFV2DbX8bC4tLyympprby+sbm1be7s3qokk5S5NBGJbAZEMcFj5gIHwZqpZCQKBPOCwVXue/dMKp7ENzBMmR+RXsxDTgloqWOepiluQ4IB1++OsRUcFcwCDX+oFXg58XChdcyKXbUnheeBU4AKKqrRMT/a3YRmEYuBCqJUy7FT8EdEAqeCjcvtTLGU0AHpsZaGMYmY8keT68b4UCtdHCZSvxjwRP09MSKRUsMo0J0Rgb6a9XLxP6+VQXjuj3icZsBiOl0UZgLnAeiocJdLRkEMNSBUcv1XTPtEEgo60LIOwZk9eR64J9WLqnNtV2qXRRoltI8OkIUcdIZqqI4ayEUUPaAn9IJejUfj2Xgz3qetC0Yxs4f+lPH5DdUKnFE=</latexit><latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit><latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit><latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit><latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit><latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit><latexit sha1_base64="9jVK5oMQJuEwASLmKDacuxRWkLw=">AAACHHicbVBLSwMxEM7WV62vVY9egkWoB8uuFNRb0UuPFVy30NaSTdM2NJtdklmhlP4RL/4VLx5UvHgQ/Ddm2xW0dSDwPWaYzBfEgmtwnC8rt7S8srqWXy9sbG5t79i7e7c6ShRlHo1EpBoB0UxwyTzgIFgjVoyEgWB+MLxKff+eKc0jeQOjmLVD0pe8xykBI3XsShzjFkQYcO3uBJeC44yVwMAfWgr8lPg40zp20Sk708KLwM1AEWVV79gfrW5Ek5BJoIJo3XSdGNpjooBTwSaFVqJZTOiQ9FnTQElCptvj6XUTfGSULu5FyjwJeKr+nhiTUOtRGJjOkMBAz3up+J/XTKB33h5zGSfAJJ0t6iUCpwGYqHCXK0ZBjAwgVHHzV0wHRBEKJtCCCcGdP3kReKfli7J7XSlWL7M08ugAHaISctEZqqIaqiMPUfSAntALerUerWfrzXqfteasbGYf/Snr8xvWSpxV</latexit>

MadGrapH_aMC@NLO+PYTHIA8
QCD is simulated using  PYTHIA8



Boosted Top

H� ! t̄b
<latexit sha1_base64="xF0U9PFvBi1WZX4D7l/dwHCMb+8=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4sSQiqLeilx4rGFtoYtlst+3SzQe7k0IJ/SdePKh49ad489+4bXPQ1gcDj/dmmJkXplJodJxva2V1bX1js7RV3t7Z3du3Dw4fdZIpxj2WyES1Qqq5FDH3UKDkrVRxGoWSN8Ph3dRvjrjSIokfcJzyIKL9WPQEo2ikjm3Xn86JjwnxQ6oIkrBjV5yqMwNZJm5BKlCg0bG//G7CsojHyCTVuu06KQY5VSiY5JOyn2meUjakfd42NKYR10E+u3xCTo3SJb1EmYqRzNTfEzmNtB5HoemMKA70ojcV//PaGfaug1zEaYY8ZvNFvUwS8+k0BtIVijOUY0MoU8LcStiAKsrQhFU2IbiLLy8T76J6U3XvLyu12yKNEhzDCZyBC1dQgzo0wAMGI3iGV3izcuvFerc+5q0rVjFzBH9gff4A6mqSGA==</latexit><latexit sha1_base64="xF0U9PFvBi1WZX4D7l/dwHCMb+8=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4sSQiqLeilx4rGFtoYtlst+3SzQe7k0IJ/SdePKh49ad489+4bXPQ1gcDj/dmmJkXplJodJxva2V1bX1js7RV3t7Z3du3Dw4fdZIpxj2WyES1Qqq5FDH3UKDkrVRxGoWSN8Ph3dRvjrjSIokfcJzyIKL9WPQEo2ikjm3Xn86JjwnxQ6oIkrBjV5yqMwNZJm5BKlCg0bG//G7CsojHyCTVuu06KQY5VSiY5JOyn2meUjakfd42NKYR10E+u3xCTo3SJb1EmYqRzNTfEzmNtB5HoemMKA70ojcV//PaGfaug1zEaYY8ZvNFvUwS8+k0BtIVijOUY0MoU8LcStiAKsrQhFU2IbiLLy8T76J6U3XvLyu12yKNEhzDCZyBC1dQgzo0wAMGI3iGV3izcuvFerc+5q0rVjFzBH9gff4A6mqSGA==</latexit><latexit sha1_base64="xF0U9PFvBi1WZX4D7l/dwHCMb+8=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4sSQiqLeilx4rGFtoYtlst+3SzQe7k0IJ/SdePKh49ad489+4bXPQ1gcDj/dmmJkXplJodJxva2V1bX1js7RV3t7Z3du3Dw4fdZIpxj2WyES1Qqq5FDH3UKDkrVRxGoWSN8Ph3dRvjrjSIokfcJzyIKL9WPQEo2ikjm3Xn86JjwnxQ6oIkrBjV5yqMwNZJm5BKlCg0bG//G7CsojHyCTVuu06KQY5VSiY5JOyn2meUjakfd42NKYR10E+u3xCTo3SJb1EmYqRzNTfEzmNtB5HoemMKA70ojcV//PaGfaug1zEaYY8ZvNFvUwS8+k0BtIVijOUY0MoU8LcStiAKsrQhFU2IbiLLy8T76J6U3XvLyu12yKNEhzDCZyBC1dQgzo0wAMGI3iGV3izcuvFerc+5q0rVjFzBH9gff4A6mqSGA==</latexit><latexit sha1_base64="xF0U9PFvBi1WZX4D7l/dwHCMb+8=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4sSQiqLeilx4rGFtoYtlst+3SzQe7k0IJ/SdePKh49ad489+4bXPQ1gcDj/dmmJkXplJodJxva2V1bX1js7RV3t7Z3du3Dw4fdZIpxj2WyES1Qqq5FDH3UKDkrVRxGoWSN8Ph3dRvjrjSIokfcJzyIKL9WPQEo2ikjm3Xn86JjwnxQ6oIkrBjV5yqMwNZJm5BKlCg0bG//G7CsojHyCTVuu06KQY5VSiY5JOyn2meUjakfd42NKYR10E+u3xCTo3SJb1EmYqRzNTfEzmNtB5HoemMKA70ojcV//PaGfaug1zEaYY8ZvNFvUwS8+k0BtIVijOUY0MoU8LcStiAKsrQhFU2IbiLLy8T76J6U3XvLyu12yKNEhzDCZyBC1dQgzo0wAMGI3iGV3izcuvFerc+5q0rVjFzBH9gff4A6mqSGA==</latexit>

Top quark is expected to be boosted

�t ⇠ mH±/mt
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Associated top 



Reconstruction of Top

HepToptagger is used for top jet reconstruction(MD).

Top reconstruction efficiency: ~20%
Background(QCD) mis-tag efficiency: ~2-3% 

G.P. Salam, et al, 0802.2470,1503.05921 
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Top Tagging efficiency:MVA

Figure 4: ROC curve for the MVA TopTagger obtained from signal events in hadronic

final state and QCD for mis tagging. E�ciencies obtained using HepTopTagger is also

shown.

4.2 Signal and Background Simulation

The PYTHIA8-8.2.26 (PYTHIA8) [86] is used to generate events via the process gb !
tH�, where as MadGraph aMC@NLO-2.6.1 (MG5) [70] is used for gg ! tb̄H�, and then

showering through PYTHIA8. The dominant SM background process tt̄ and QCD events

are generated using PYTHIA8, while MG5 interfacing with PYTHIA8 is used for tt̄bb̄ pro-

cess. We generate events by dividing the phase space in p̂T bins, p̂T is the transverse

momentum of the final state partons in the center of mass frame. For instance, in case

of signal events, bins are chosen as 0� 200 GeV, 200� 400 GeV and 400�1, where as

for backgrounds, these are 0� 200 (20� 200 for QCD) GeV, 200� 500 GeV, 500� 800

GeV and 800�1. Various event selections imposed in the simulation for both signal

and backgrounds are described below:

1. Lepton selection: Leptons, both electrons and muons are selected with cuts on

the transverse momentum(p`T ), and rapidity(⌘`),

p`T � 20 GeV, |⌘`|  2.5 (4.6)

Isolation of lepton is ensured by requiring, EAC
T  30% of p`T , where EAC

T is

the sum of transverse momenta of the particles which are within the cone �R(=p
�⌘2 +��2) < 0.3 along the direction of lepton. It is to be noted that the lepton

isolation criteria is not imposed while selecting events applying lepton veto.

2. b-jet identification: The jets are reconstructed using Fastjet [80] with anti-kT
algorithm [87] setting jet size parameter R=0.5. The jets are indented as b-like,
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HepToptagger is used for top jet reconstruction(MD).

Top reconstruction efficiency: ~20%
Background(QCD) mis-tag efficiency: ~2-3% 

Reconstruction of Top

HepTopTagger
+ Nsubjettiness 
+  Energy correlations
+ ….

G.P. Salam, et al, 0802.2470,1503.05921 



Charged Higgs Mass Reconstruction
pp ! tH�(b) ! t(tb)(b) ! (bW )(bWb)(b)
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Top tagging method helps to avoid combinatorial problem

Tagged top jet + leading b jet



Events Yield
Hadronic

and the hardest b jet, the charged Higgs mass is reconstructed, and select events within

the mass window ±30% of the input charged Higgs mass. Notice that a good fraction

of background events remain within this reconstructed charged Higgs mass window.

With the remaining untagged jets and identified b-jets, the associated top quark is

reconstructed. The requirement of a second reconstructed top quark, suppresses the

background, in particular QCD, more than the signal. Finally, demanding a hard b-jet

with pT >30 GeV rejects backgrounds substantially.

Table 3: Cross section yields for signal and backgrounds in the hadronic signal final

state (Eq 4.2(a)) for mH± = 500 GeV, tan � = 30 in Type II 2HDM. The first row

presents the production cross sections. For signal, Br
�
H+ ! tb̄

�
is multiplied with the

signal cross sections.

Selection 5FS⇥Br 4FS⇥Br tt̄ tt̄bb̄ QCD

�(fb) 124.9 64.4 8.3⇥ 105 1.4⇥ 104 7.2⇥ 1011

Nb � 1 & Lepton Veto 55.8 28.8 4.6⇥ 105 7.4⇥ 103 1.2⇥ 1010

NFJ � 1 44.8 24.2 1.1⇥ 105 2.6⇥ 103 9.4⇥ 106

Ntj � 1 13.3 7.4 3.2⇥ 104 790.4 2.5⇥ 105

pb1T � 50 GeV 12.3 6.9 2.0⇥ 104 633.5 9.2⇥ 104

mtjb1 2 [0.7mH± , 1.3mH± ] 8.8 5.2 1.3⇥ 104 387.6 4.2⇥ 104

NtHadronic
Associated

= 1 2.2 1.6 364.1 78.8 1.2⇥ 103

Extra b, pT � 30 GeV 0.5 0.5 20.3 15.9 50.2

Similarly cross section yields for leptonic final states(Eq.4.2(b)) are presented in

Table 4. The events are selected with at least one identified b-jet and one isolated

lepton. A top jet is tagged, and it is observed that e�ciency of top tagging is less, due

to the lack of availability of many hadronic top quarks. As before, requiring a hard

identified b-jet, with pT > 50 GeV and combining with tagged top jet, the charged Higgs

mass is reconstructed. Finally, requirement of a hard b-jet suppresses the background

more than the signal. Use of an additional cut on missing transverse momentum due

to the presence of neutrinos in the leptonic decay of top quark is found not to be so

useful.
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Table 4: Same as in Table 3, but for the leptonic signal final state.

Selection 5FS⇥Br 4FS⇥Br tt̄ tt̄bb̄ QCD

�(fb) 124.9 64.4 8.3⇥ 105 1.4⇥ 104 7.2⇥ 1011

Nb � 1 & N` � 1 39.3 20.3 2.5⇥ 105 4.2⇥ 103 5.0⇥ 106

NFJ � 1 29.3 15.8 5.0⇥ 104 1.3⇥ 103 3.6⇥ 103

Ntj � 1 5.4 3.0 1.0⇥ 104 276.1 103.1

pb1T � 50 GeV 4.9 2.8 6.7⇥ 103 221.8 71.7

mtjb1 2 [0.7mH± , 1.3mH± ] 3.4 2.0 4.4⇥ 103 138.3 20.5

pb2T � 30 GeV 2.1 1.3 301.0 66.1 . 1.0

Table 5: Cross sections (fb) normalized by acceptance e�ciencies (✏ac) for signal and

background. Signal significances for three integrated luminosity options for hadronic

(leptonic) final state are performed for the Type II model and tan � = 30.

� ⇥ ✏ac (in fb)

mH±! 300 GeV 500 GeV 800 GeV

5FS 0.4 (1.4) 0.5 (2.1) 0.1 (0.51)

4FS 0.3 (0.95) 0.5 (1.3) 0.1 (0.34)

tt̄ 5.9 (140.0) 20.3 (301.0) 15.5 (142.3)

tt̄bb̄ 5.4 (22.0) 15.9 (66.1) 8.8 (37.6)

QCD . 1.0 (. 1.0) 50.2 (. 1.0) 21.4 (. 1.0)

Matched Signal cross section(S) 0.4 (1.3) 0.5 (1.9) 0.1 (0.47)

Total Background cross section(B) 11.3 (161.9) 86.4 (367.1) 45.7 (179.9)

L (fb�1) S/
p
B

300 1.9 (1.73) 0.92 (1.71) 0.28 (0.61)

1000 3.4 (3.16) 1.7 (3.13) 0.51 (1.11)

3000 5.9 (5.48) 2.9 (5.42) 0.88 (1.92)

In Table 5 we summarize the signal and background cross sections normalized by

the kinematic acceptance e�ciencies for both the hadronic and leptonic final state

respectively. For illustration, we show results for three choices of charged Higgs mass,

mH± = 300, 500 and 800 GeV, corresponding to the signal cross section in both 4FS

and 5FS mechanisms. The signal cross sections are found to be O(fb), where as the

total background contribution is huge, in particular for hadronic final state. But for
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Table 4: Same as in Table 3, but for the leptonic signal final state.

Selection 5FS⇥Br 4FS⇥Br tt̄ tt̄bb̄ QCD

�(fb) 124.9 64.4 8.3⇥ 105 1.4⇥ 104 7.2⇥ 1011

Nb � 1 & N` � 1 39.3 20.3 2.5⇥ 105 4.2⇥ 103 5.0⇥ 106

NFJ � 1 29.3 15.8 5.0⇥ 104 1.3⇥ 103 3.6⇥ 103

Ntj � 1 5.4 3.0 1.0⇥ 104 276.1 103.1

pb1T � 50 GeV 4.9 2.8 6.7⇥ 103 221.8 71.7

mtjb1 2 [0.7mH± , 1.3mH± ] 3.4 2.0 4.4⇥ 103 138.3 20.5

pb2T � 30 GeV 2.1 1.3 301.0 66.1 . 1.0

Table 5: Cross sections (fb) normalized by acceptance e�ciencies (✏ac) for signal and

background. Signal significances for three integrated luminosity options for hadronic

(leptonic) final state are performed for the Type II model and tan � = 30.

� ⇥ ✏ac (in fb)

mH±! 300 GeV 500 GeV 800 GeV

5FS 0.4 (1.4) 0.5 (2.1) 0.1 (0.51)

4FS 0.3 (0.95) 0.5 (1.3) 0.1 (0.34)

tt̄ 5.9 (140.0) 20.3 (301.0) 15.5 (142.3)

tt̄bb̄ 5.4 (22.0) 15.9 (66.1) 8.8 (37.6)

QCD . 1.0 (. 1.0) 50.2 (. 1.0) 21.4 (. 1.0)

Matched Signal cross section(S) 0.4 (1.3) 0.5 (1.9) 0.1 (0.47)

Total Background cross section(B) 11.3 (161.9) 86.4 (367.1) 45.7 (179.9)

L (fb�1) S/
p
B

300 1.9 (1.73) 0.92 (1.71) 0.28 (0.61)

1000 3.4 (3.16) 1.7 (3.13) 0.51 (1.11)

3000 5.9 (5.48) 2.9 (5.42) 0.88 (1.92)

In Table 5 we summarize the signal and background cross sections normalized by

the kinematic acceptance e�ciencies for both the hadronic and leptonic final state

respectively. For illustration, we show results for three choices of charged Higgs mass,

mH± = 300, 500 and 800 GeV, corresponding to the signal cross section in both 4FS

and 5FS mechanisms. The signal cross sections are found to be O(fb), where as the

total background contribution is huge, in particular for hadronic final state. But for
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Even for Higher Luminosity, 
significances are too low MVA analysis



MVA: Hadronic

Table 4: Hadronic Kinematic variables..

Rank Variables Description

1 m12
bb̄

Invariant of two b jets

2 pT
j pT of the leading un tagged jet

3 TaggedTopMVADs MVD Discriminator for Toptagging

4 mb1b2b3 Invariant mass of 3 bjets

5 isopbjetT2
pT of 2nd b jets after top tagging

6 mreco
tb Reconstructed Higgs mass

7 HT Scalar sum of pT of all un-ttaged jets

8 nj Number of un tagged

9 pbjetT3
pT of 3rd b jet

10 Hb
T Sum of pT of all b jets

through a best selection of cuts of listed input variables of the given pro-500

cess, and it is repeated using subsequent set of cuts till all the events are501

classified. While training the sample events, if an event is missclassified i.e502

a signal events labeled as background or background event is signal event,503

then the weight of that event is increased or boosted. subsequently, a second504

tree is made using the new weights, which may not be same as the previous505

tree. This process is repeated and we made about 1000 trees. There are few506

methods of boostings [33], and we use gradient boosting technique [18]. In507

BDT algorithm, these trees are made by training half of the signal events,508

while half of the QCD and tt̄ events are used to train the background. The509

remaining half of the signal and background events are used to check tha510

performace of the trained BDT. We use 10 input variables to train the511

hadronic signal sample and background in MVA using BDT technique. In512

Table.. the input variables are shown ranking according to the importance513

of the BDT analysis for m±
H =500 GeV. In the third row of this table a brief514

description is given of each varibles. The importance here means the role515

of those variables in suppressing the background. In fact we have tested a516

large set of input (about 40) kinematic variables for the BDT analysis, and517

finally selected only 10 variables which are presented in this Table ??.518

It is to be noted that for mH±=300 GeV, the same set of variables are519

used, but the importance or ranking of some of the variables are altered.520

For example, for 300 GeV changed Higgs mass, pbjetT3
and Hb

T found to be521
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MVA analysis: using TMVA framework, BDT method



MVA Discriminator: Signal and Background

M±
H = 500 GeV, tan� = 30, L = 300fb�1
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Hadronic Final state

Due to the presence of neutrinos, the variable related with missing transverse energy,

MHT plays role in discriminating background, in particular from QCD. Like hadronic

case, the number of b jets and their corresponding transverse momentum are very

e↵ective in increasing signal to background ratio.

In this type of analysis based on machine learning models, one of the issue often

encountered is the problem of overtraining the sample. The training of the sample can

be checked using a test data sample. Ideally, for a su�ciently large and random monte

carlo data, performance on training and testing data is to be similar. If a significant

deviations between these two are found, that would be an indication of over training

of the sample. This overtraining tests are performed for all mH± = 300 � 1000 GeV

masses.

Figure 6: MVA output (D) distribution for signal and backgrounds corresponding to

hadronic signal final state and mH± = 500 GeV, tan � = 30 for Type II 2HDM.

In Fig. 6, the distribution of MVA output discriminator with the number of events

are presented, for signal events with mH± = 500 GeV and backgrounds from QCD,

tt̄ and tt̄bb̄, along with the significance S/
p
B for an integrated luminosity 300 fb�1.

Significance close to 3� can be achieved with a selection of the discriminator, D > 0.9.

With this cut on D, and for integrated luminosity of 300 fb�1, the number of events turn
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Type II

MVA Discriminator(D)>0.9

Sp
B

⇠ 2.8
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MVA: Leptonic

Table 5: Hadronic sensitivity

Hadronic: mH± (GeV)

300 500 800 1000
Sp
B

L = 300 fb�1 6.05 2.65 0.61 0.22

L = 1000 fb�1 11.04 4.84 1.05 0.40

L = 3000 fb�1 19.13 8.39 1.93 0.70

Table 6: Kinematic variables leptonic case..

Rank Variables Description

1 Hb
T Sum of pT of all b jets

2 mbqq Mass of the tagged top jet

3 m12
bb̄

Invariant of two b jets

4 mtb2 Invariant mass of tagged top jet and second b jet

5 HT/MHT Ratio over HT and MHT

6 pj1T pT of leading un tagged jet

7 HT Scalar sum of pT of all un-ttaged jets

8 pbjetT pT of leading b jet

9 pbjetT1
pT of 2nd b jet after top tagging

10 MHT Vector sum of pT of jets

Similarly the BDT analysis is carried out for leptonic final state, similar562

to the hadronic analysis. An isolated lepton, electron or muon is required in563

the final state along with the reconstruction of charged Higgs and multiple564

bjets. Like previous section, we set a large number(about 30) of possible565

kinematic variables to input in the BDT analysis. However, as before, it566

is found only 10 variables important with good discriminating power to567

distinguish the signal and background. The set of these kinematic variables568

are preseneted in Table ??569

In Table ??, the set of kinematic variables are presented formH±=500 GeV.570

However, this set remains same for mH±300 and 1000 GeV, but ranking571

becomes di↵erent for obvious reasons. For instance, for lower mass of572

mH± =500 GeV, the variable [3] becomes more important than the variable573

[1]. Due to the presence of neutrinos, the variable related with missing trans-574
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out to be 2830 for signal, and 1710000 for total backgrounds, where 70% contribution

come from QCD. The selection of D > 0.9 leads to a significance of 2.65 which goes up

more for higher luminosity options.

Unlike the hadronic case, in the leptonic signal final state, see Fig. 7, the dominant

background appears to be due to tt̄ production. A cut on BDT output D > 0.9 leads to

a significance of about 3� for L = 300 fb�1. The study is extended upto the 1000 GeV

mass of the charged Higgs.

Signal significances are presented for both hadronic and leptonic final state(in paren-

thesis) in Table.8 for three masses of charged Higgs and for three integrated luminosity

options. Remarkably, a significant improvement in sensitivity for both hadronic and

leptonic signal is achieved performing the analysis using MVA technique. This table

suggests that the discovery potential of charged Higgs in hadronic channel for mH±

upto ⇠ 500 GeV can be probed with a reasonable sensitivity, much better than the

obtained using simple cut based analysis as shown in, Table 5.

Figure 7: Same as for Fig. 6, but for leptonic signal.
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M±
H = 500 GeV, tan� = 30, L = 300fb�1
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Leptonic Final state

Type II

MVA Discriminator(D)>0.9

Sp
B

⇠ 2.9
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Signal Sensitivity(1)

Table 8: Significances for hadronic (leptonic) final states and for three luminosity op-

tions, in SUSY motivated Type II model with tan � = 30.

S/
p
B

mH±(GeV )! 300 500 800 1000

L = 300 fb�1 6.1 (5.2) 2.7 (2.94) 0.61 (0.96) 0.22 (0.39)

L = 1000 fb�1 11.0 (9.5) 4.8 (5.4) 1.1 (1.7) 0.40 (0.71)

L = 3000 fb�1 19.1 (16.5) 8.4 (9.3) 1.9 (3.0) 0.70 (1.2)

The Table 8 shows that the signature of charged Higgs of mass around 800 GeV

is observable in leptonic channel for 3000 fb�1 luminosity option unlike the hadronic

final state. For lower range of masses(⇠ 500 GeV) signal is feasible even for 1000 fb�1

luminosity option.

The results presented so far, in Table 8 correspond to the SUSY motivated Type II

model. However, the signal cross sections for other classes of 2HDM can be obtained out

of these estimated values simply by rescaling the couplings and appropriately multiply-

ing Br
�
H+ ! tb̄

�
, which is very sensitive to tan �, as seen in Fig. 1. The significances

for all four types of models are presented for hadronic and leptonic(within the paren-

thesis) in Table 9 and 10, corresponding to tan � = 30 and 3 respectively. The table 9

suggests that for high tan � scenario, charged Higgs boson can be discovered only in

the context of Type II model. However, for low tan � scenario, in Type I and III model,

the charged Higgs coupling with top and bottom quark is favored yielding better sig-

nificances. Because of the identical charged Higgs couplings with quarks in Type II

and IV model, the corresponding significances become almost same. The feasibility of

observing signal of charged Higgs of mass around ⇠ 500 in both hadronic and leptonic

final state for all classes of 2HDM, is quite promising for 1000 fb�1 luminosity, however

for L = 300 fb�1, only the charged Higgs boson of lower mass range is possible to

discover at the LHC.

The discovery potential of charged Higgs of 300 GeV mass, in the tb̄ decay channel

is quite promising even for 300 fb�1 luminosity options at 13 TeV energy. However,

for higher masses, e.g. for mH± = 500 GeV, one needs high luminosity options such as

1000 fb�1 and more. This study shows that for higher masses ⇠ 1000 GeV, it is very

hard to achieve better signal sensitivity even for high luminosity option.
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<latexit sha1_base64="0rWDEgqkSlPE+cabjYtFrE+wQoc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWmlAm2227dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7QgMl0JxHwVK3k41hziSvBWNbqZ+65FrIxJ1j+OUhzEMlOgLBmilIEBQQcQRrk7dbrXm1t0Z6F/iFaRGCjS71c+gl7As5gqZBGM6nptimINGwSSfVILM8BTYCAa8Y6mCmJswn908oUdW6dF+om0ppDP150QOsTHjOLKdMeDQLHpT8T+vk2H/IsyFSjPkis0X9TNJMaHTAGhPaM5Qji0BpoW9lbIhaGBoY6rYELzFl/8S/6R+WffuzmqN6yKNMjkgh+SYeOScNMgtaRKfMJKSJ/JCXp3MeXbenPd5a8kpZvbJLzgf366ykP0=</latexit><latexit sha1_base64="0rWDEgqkSlPE+cabjYtFrE+wQoc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWmlAm2227dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7QgMl0JxHwVK3k41hziSvBWNbqZ+65FrIxJ1j+OUhzEMlOgLBmilIEBQQcQRrk7dbrXm1t0Z6F/iFaRGCjS71c+gl7As5gqZBGM6nptimINGwSSfVILM8BTYCAa8Y6mCmJswn908oUdW6dF+om0ppDP150QOsTHjOLKdMeDQLHpT8T+vk2H/IsyFSjPkis0X9TNJMaHTAGhPaM5Qji0BpoW9lbIhaGBoY6rYELzFl/8S/6R+WffuzmqN6yKNMjkgh+SYeOScNMgtaRKfMJKSJ/JCXp3MeXbenPd5a8kpZvbJLzgf366ykP0=</latexit><latexit sha1_base64="0rWDEgqkSlPE+cabjYtFrE+wQoc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWmlAm2227dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7QgMl0JxHwVK3k41hziSvBWNbqZ+65FrIxJ1j+OUhzEMlOgLBmilIEBQQcQRrk7dbrXm1t0Z6F/iFaRGCjS71c+gl7As5gqZBGM6nptimINGwSSfVILM8BTYCAa8Y6mCmJswn908oUdW6dF+om0ppDP150QOsTHjOLKdMeDQLHpT8T+vk2H/IsyFSjPkis0X9TNJMaHTAGhPaM5Qji0BpoW9lbIhaGBoY6rYELzFl/8S/6R+WffuzmqN6yKNMjkgh+SYeOScNMgtaRKfMJKSJ/JCXp3MeXbenPd5a8kpZvbJLzgf366ykP0=</latexit><latexit sha1_base64="0rWDEgqkSlPE+cabjYtFrE+wQoc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWmlAm2227dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7QgMl0JxHwVK3k41hziSvBWNbqZ+65FrIxJ1j+OUhzEMlOgLBmilIEBQQcQRrk7dbrXm1t0Z6F/iFaRGCjS71c+gl7As5gqZBGM6nptimINGwSSfVILM8BTYCAa8Y6mCmJswn908oUdW6dF+om0ppDP150QOsTHjOLKdMeDQLHpT8T+vk2H/IsyFSjPkis0X9TNJMaHTAGhPaM5Qji0BpoW9lbIhaGBoY6rYELzFl/8S/6R+WffuzmqN6yKNMjkgh+SYeOScNMgtaRKfMJKSJ/JCXp3MeXbenPd5a8kpZvbJLzgf366ykP0=</latexit>

sin(� � ↵) = 1
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Type II

Hadronic(Leptonic)

For Type II with high luminosity 
Charged Higgs mass ~ 600 GeV can be probed 



Signal Sensitivity(2)

Table 9: Sensitivity(S/
p
B) for hadronic (leptonic) signal events corresponding to all 4

types of 2HDM, and tan � = 30, sin (� � ↵) = 1.

mH± (GeV) L (in fb�1) Type I Type II Type III Type IV

300 0.043 (0.037) 7.4 (6.4) 0.16 (0.14) 0.042 (0.037)

300 1000 0.08 (0.07) 13.5 (11.6) 0.30 (0.26) 0.08 (0.07)

3000 0.14 (0.12) 23.3 (20.1) 0.51 (0.44) 0.14 (0.12)

300 0.017 (0.019) 3.1 (3.4) 0.09 (0.10) 0.017 (0.019)

500 1000 0.031 (0.034) 5.6 (6.2) 0.17 (0.18) 0.031 (0.034)

3000 0.053 (0.059) 9.8 (10.8) 0.29 (0.32) 0.053 (0.059)

300 0.004 (0.006) 0.71 (1.1) 0.02 (0.03) 0.004 (0.006)

800 1000 0.007 (0.011) 1.3 (2.0) 0.04 (0.06) 0.007 (0.011)

3000 0.01 (0.02) 2.2 (3.5) 0.07 (0.11) 0.01 (0.02)

Table 10: Same as Table.9, but with tan � = 3.

mH± (GeV) L (in fb�1) Type I Type II Type III Type IV

300 4.3 (3.7) 4.3 (3.7) 4.3 (3.7) 4.3 (3.7)

300 1000 7.8 (6.7) 7.9 (6.8) 7.9 (6.8) 7.8 (6.7)

3000 13.5 (11.7) 13.7 (11.8) 13.7 (11.8) 13.5 (11.7)

300 1.7 (1.9) 1.7 (1.9) 1.7 (1.9) 1.7 (1.9)

500 1000 3.1 (3.4) 3.1 (3.5) 3.1 (3.5) 3.1 (3.4)

3000 5.3 (5.9) 5.4 (6.0) 5.4 (6.0) 5.3 (5.9)

300 0.39 (0.62) 0.40 (0.63) 0.40 (0.63) 0.39 (0.62)

800 1000 0.72 (1.1) 0.73 (1.1) 0.73 (1.1) 0.72 (1.1)

3000 1.2 (2.0) 1.3 (2.0) 1.3 (2.0) 1.2 (2.0)
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sin(� � ↵) = 1
<latexit sha1_base64="fCvbrMz9IFXAkis81vNvasV6SX8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IR6sGSiKAehKIXjxWMLTShTLbbdulmE3Y3Qg3Fv+LFg4pXf4g3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e+dexakk1CMxj2UzBEU5E9TTTHPaTCSFKOS0EQ6ux37jgUrFYnGnhwkNIugJ1mUEtJHa9p6vmKj4IdVw7ANP+nB06bbtslN1JsDzxM1JGeWot+0vvxOTNKJCEw5KtVwn0UEGUjPC6ajkp4omQAbQoy1DBURUBdnk+hE+NEoHd2NpSmg8UX9PZBApNYxC0xmB7qtZbyz+57VS3T0PMiaSVFNBpou6Kcc6xuMocIdJSjQfGgJEMnMrJn2QQLQJrGRCcGdfnifeSfWi6t6elmtXeRpFtI8OUAW56AzV0A2qIw8R9Iie0St6s56sF+vd+pi2Fqx8Zhf9gfX5A5LjlDM=</latexit><latexit sha1_base64="fCvbrMz9IFXAkis81vNvasV6SX8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IR6sGSiKAehKIXjxWMLTShTLbbdulmE3Y3Qg3Fv+LFg4pXf4g3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e+dexakk1CMxj2UzBEU5E9TTTHPaTCSFKOS0EQ6ux37jgUrFYnGnhwkNIugJ1mUEtJHa9p6vmKj4IdVw7ANP+nB06bbtslN1JsDzxM1JGeWot+0vvxOTNKJCEw5KtVwn0UEGUjPC6ajkp4omQAbQoy1DBURUBdnk+hE+NEoHd2NpSmg8UX9PZBApNYxC0xmB7qtZbyz+57VS3T0PMiaSVFNBpou6Kcc6xuMocIdJSjQfGgJEMnMrJn2QQLQJrGRCcGdfnifeSfWi6t6elmtXeRpFtI8OUAW56AzV0A2qIw8R9Iie0St6s56sF+vd+pi2Fqx8Zhf9gfX5A5LjlDM=</latexit><latexit sha1_base64="fCvbrMz9IFXAkis81vNvasV6SX8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IR6sGSiKAehKIXjxWMLTShTLbbdulmE3Y3Qg3Fv+LFg4pXf4g3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e+dexakk1CMxj2UzBEU5E9TTTHPaTCSFKOS0EQ6ux37jgUrFYnGnhwkNIugJ1mUEtJHa9p6vmKj4IdVw7ANP+nB06bbtslN1JsDzxM1JGeWot+0vvxOTNKJCEw5KtVwn0UEGUjPC6ajkp4omQAbQoy1DBURUBdnk+hE+NEoHd2NpSmg8UX9PZBApNYxC0xmB7qtZbyz+57VS3T0PMiaSVFNBpou6Kcc6xuMocIdJSjQfGgJEMnMrJn2QQLQJrGRCcGdfnifeSfWi6t6elmtXeRpFtI8OUAW56AzV0A2qIw8R9Iie0St6s56sF+vd+pi2Fqx8Zhf9gfX5A5LjlDM=</latexit><latexit sha1_base64="fCvbrMz9IFXAkis81vNvasV6SX8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IR6sGSiKAehKIXjxWMLTShTLbbdulmE3Y3Qg3Fv+LFg4pXf4g3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e+dexakk1CMxj2UzBEU5E9TTTHPaTCSFKOS0EQ6ux37jgUrFYnGnhwkNIugJ1mUEtJHa9p6vmKj4IdVw7ANP+nB06bbtslN1JsDzxM1JGeWot+0vvxOTNKJCEw5KtVwn0UEGUjPC6ajkp4omQAbQoy1DBURUBdnk+hE+NEoHd2NpSmg8UX9PZBApNYxC0xmB7qtZbyz+57VS3T0PMiaSVFNBpou6Kcc6xuMocIdJSjQfGgJEMnMrJn2QQLQJrGRCcGdfnifeSfWi6t6elmtXeRpFtI8OUAW56AzV0A2qIw8R9Iie0St6s56sF+vd+pi2Fqx8Zhf9gfX5A5LjlDM=</latexit>

tan� = 30
<latexit sha1_base64="0rWDEgqkSlPE+cabjYtFrE+wQoc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWmlAm2227dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7QgMl0JxHwVK3k41hziSvBWNbqZ+65FrIxJ1j+OUhzEMlOgLBmilIEBQQcQRrk7dbrXm1t0Z6F/iFaRGCjS71c+gl7As5gqZBGM6nptimINGwSSfVILM8BTYCAa8Y6mCmJswn908oUdW6dF+om0ppDP150QOsTHjOLKdMeDQLHpT8T+vk2H/IsyFSjPkis0X9TNJMaHTAGhPaM5Qji0BpoW9lbIhaGBoY6rYELzFl/8S/6R+WffuzmqN6yKNMjkgh+SYeOScNMgtaRKfMJKSJ/JCXp3MeXbenPd5a8kpZvbJLzgf366ykP0=</latexit><latexit sha1_base64="0rWDEgqkSlPE+cabjYtFrE+wQoc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWmlAm2227dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7QgMl0JxHwVK3k41hziSvBWNbqZ+65FrIxJ1j+OUhzEMlOgLBmilIEBQQcQRrk7dbrXm1t0Z6F/iFaRGCjS71c+gl7As5gqZBGM6nptimINGwSSfVILM8BTYCAa8Y6mCmJswn908oUdW6dF+om0ppDP150QOsTHjOLKdMeDQLHpT8T+vk2H/IsyFSjPkis0X9TNJMaHTAGhPaM5Qji0BpoW9lbIhaGBoY6rYELzFl/8S/6R+WffuzmqN6yKNMjkgh+SYeOScNMgtaRKfMJKSJ/JCXp3MeXbenPd5a8kpZvbJLzgf366ykP0=</latexit><latexit sha1_base64="0rWDEgqkSlPE+cabjYtFrE+wQoc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWmlAm2227dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7QgMl0JxHwVK3k41hziSvBWNbqZ+65FrIxJ1j+OUhzEMlOgLBmilIEBQQcQRrk7dbrXm1t0Z6F/iFaRGCjS71c+gl7As5gqZBGM6nptimINGwSSfVILM8BTYCAa8Y6mCmJswn908oUdW6dF+om0ppDP150QOsTHjOLKdMeDQLHpT8T+vk2H/IsyFSjPkis0X9TNJMaHTAGhPaM5Qji0BpoW9lbIhaGBoY6rYELzFl/8S/6R+WffuzmqN6yKNMjkgh+SYeOScNMgtaRKfMJKSJ/JCXp3MeXbenPd5a8kpZvbJLzgf366ykP0=</latexit><latexit sha1_base64="0rWDEgqkSlPE+cabjYtFrE+wQoc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWmlAm2227dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7QgMl0JxHwVK3k41hziSvBWNbqZ+65FrIxJ1j+OUhzEMlOgLBmilIEBQQcQRrk7dbrXm1t0Z6F/iFaRGCjS71c+gl7As5gqZBGM6nptimINGwSSfVILM8BTYCAa8Y6mCmJswn908oUdW6dF+om0ppDP150QOsTHjOLKdMeDQLHpT8T+vk2H/IsyFSjPkis0X9TNJMaHTAGhPaM5Qji0BpoW9lbIhaGBoY6rYELzFl/8S/6R+WffuzmqN6yKNMjkgh+SYeOScNMgtaRKfMJKSJ/JCXp3MeXbenPd5a8kpZvbJLzgf366ykP0=</latexit>

 Type II model promising for mass ~ 600 GeV

Hadronic(Leptonic)

Sensitivity for all classes of model  



Signal Sensitivity(3)

sin(� � ↵) = 1
<latexit sha1_base64="fCvbrMz9IFXAkis81vNvasV6SX8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IR6sGSiKAehKIXjxWMLTShTLbbdulmE3Y3Qg3Fv+LFg4pXf4g3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e+dexakk1CMxj2UzBEU5E9TTTHPaTCSFKOS0EQ6ux37jgUrFYnGnhwkNIugJ1mUEtJHa9p6vmKj4IdVw7ANP+nB06bbtslN1JsDzxM1JGeWot+0vvxOTNKJCEw5KtVwn0UEGUjPC6ajkp4omQAbQoy1DBURUBdnk+hE+NEoHd2NpSmg8UX9PZBApNYxC0xmB7qtZbyz+57VS3T0PMiaSVFNBpou6Kcc6xuMocIdJSjQfGgJEMnMrJn2QQLQJrGRCcGdfnifeSfWi6t6elmtXeRpFtI8OUAW56AzV0A2qIw8R9Iie0St6s56sF+vd+pi2Fqx8Zhf9gfX5A5LjlDM=</latexit><latexit sha1_base64="fCvbrMz9IFXAkis81vNvasV6SX8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IR6sGSiKAehKIXjxWMLTShTLbbdulmE3Y3Qg3Fv+LFg4pXf4g3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e+dexakk1CMxj2UzBEU5E9TTTHPaTCSFKOS0EQ6ux37jgUrFYnGnhwkNIugJ1mUEtJHa9p6vmKj4IdVw7ANP+nB06bbtslN1JsDzxM1JGeWot+0vvxOTNKJCEw5KtVwn0UEGUjPC6ajkp4omQAbQoy1DBURUBdnk+hE+NEoHd2NpSmg8UX9PZBApNYxC0xmB7qtZbyz+57VS3T0PMiaSVFNBpou6Kcc6xuMocIdJSjQfGgJEMnMrJn2QQLQJrGRCcGdfnifeSfWi6t6elmtXeRpFtI8OUAW56AzV0A2qIw8R9Iie0St6s56sF+vd+pi2Fqx8Zhf9gfX5A5LjlDM=</latexit><latexit sha1_base64="fCvbrMz9IFXAkis81vNvasV6SX8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IR6sGSiKAehKIXjxWMLTShTLbbdulmE3Y3Qg3Fv+LFg4pXf4g3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e+dexakk1CMxj2UzBEU5E9TTTHPaTCSFKOS0EQ6ux37jgUrFYnGnhwkNIugJ1mUEtJHa9p6vmKj4IdVw7ANP+nB06bbtslN1JsDzxM1JGeWot+0vvxOTNKJCEw5KtVwn0UEGUjPC6ajkp4omQAbQoy1DBURUBdnk+hE+NEoHd2NpSmg8UX9PZBApNYxC0xmB7qtZbyz+57VS3T0PMiaSVFNBpou6Kcc6xuMocIdJSjQfGgJEMnMrJn2QQLQJrGRCcGdfnifeSfWi6t6elmtXeRpFtI8OUAW56AzV0A2qIw8R9Iie0St6s56sF+vd+pi2Fqx8Zhf9gfX5A5LjlDM=</latexit><latexit sha1_base64="fCvbrMz9IFXAkis81vNvasV6SX8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IR6sGSiKAehKIXjxWMLTShTLbbdulmE3Y3Qg3Fv+LFg4pXf4g3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e+dexakk1CMxj2UzBEU5E9TTTHPaTCSFKOS0EQ6ux37jgUrFYnGnhwkNIugJ1mUEtJHa9p6vmKj4IdVw7ANP+nB06bbtslN1JsDzxM1JGeWot+0vvxOTNKJCEw5KtVwn0UEGUjPC6ajkp4omQAbQoy1DBURUBdnk+hE+NEoHd2NpSmg8UX9PZBApNYxC0xmB7qtZbyz+57VS3T0PMiaSVFNBpou6Kcc6xuMocIdJSjQfGgJEMnMrJn2QQLQJrGRCcGdfnifeSfWi6t6elmtXeRpFtI8OUAW56AzV0A2qIw8R9Iie0St6s56sF+vd+pi2Fqx8Zhf9gfX5A5LjlDM=</latexit>

Promising for mass up to ~ 600 GeV
for high luminosity

tan� = 3
<latexit sha1_base64="rDi8ZtpEUECfVUun3aGqg44JmQI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWklA22027dLMbdidCCf0ZXjyoePXfePPfuG1z0OqDgcd7M8zMizPBDbjul1NZWl5ZXauu1zY2t7Z36rt7D0blmjKfKqF0NyaGCS6ZDxwE62aakTQWrBOPbqZ+55Fpw5W8h3HGopQMJE84JWClIAQiw5gBuTrt1Rtu050B/yVeSRqoRLtX/wz7iuYpk0AFMSbw3AyigmjgVLBJLcwNywgdkQELLJUkZSYqZidP8JFV+jhR2pYEPFN/ThQkNWacxrYzJTA0i95U/M8LckguooLLLAcm6XxRkgsMCk//x32uGQUxtoRQze2tmA6JJhRsSjUbgrf48l/inzQvm97dWaN1XaZRRQfoEB0jD52jFrpFbeQjihR6Qi/o1QHn2Xlz3uetFaec2Ue/4Hx8Az0kkMM=</latexit><latexit sha1_base64="rDi8ZtpEUECfVUun3aGqg44JmQI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWklA22027dLMbdidCCf0ZXjyoePXfePPfuG1z0OqDgcd7M8zMizPBDbjul1NZWl5ZXauu1zY2t7Z36rt7D0blmjKfKqF0NyaGCS6ZDxwE62aakTQWrBOPbqZ+55Fpw5W8h3HGopQMJE84JWClIAQiw5gBuTrt1Rtu050B/yVeSRqoRLtX/wz7iuYpk0AFMSbw3AyigmjgVLBJLcwNywgdkQELLJUkZSYqZidP8JFV+jhR2pYEPFN/ThQkNWacxrYzJTA0i95U/M8LckguooLLLAcm6XxRkgsMCk//x32uGQUxtoRQze2tmA6JJhRsSjUbgrf48l/inzQvm97dWaN1XaZRRQfoEB0jD52jFrpFbeQjihR6Qi/o1QHn2Xlz3uetFaec2Ue/4Hx8Az0kkMM=</latexit><latexit sha1_base64="rDi8ZtpEUECfVUun3aGqg44JmQI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWklA22027dLMbdidCCf0ZXjyoePXfePPfuG1z0OqDgcd7M8zMizPBDbjul1NZWl5ZXauu1zY2t7Z36rt7D0blmjKfKqF0NyaGCS6ZDxwE62aakTQWrBOPbqZ+55Fpw5W8h3HGopQMJE84JWClIAQiw5gBuTrt1Rtu050B/yVeSRqoRLtX/wz7iuYpk0AFMSbw3AyigmjgVLBJLcwNywgdkQELLJUkZSYqZidP8JFV+jhR2pYEPFN/ThQkNWacxrYzJTA0i95U/M8LckguooLLLAcm6XxRkgsMCk//x32uGQUxtoRQze2tmA6JJhRsSjUbgrf48l/inzQvm97dWaN1XaZRRQfoEB0jD52jFrpFbeQjihR6Qi/o1QHn2Xlz3uetFaec2Ue/4Hx8Az0kkMM=</latexit><latexit sha1_base64="rDi8ZtpEUECfVUun3aGqg44JmQI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C0YvHCsYWklA22027dLMbdidCCf0ZXjyoePXfePPfuG1z0OqDgcd7M8zMizPBDbjul1NZWl5ZXauu1zY2t7Z36rt7D0blmjKfKqF0NyaGCS6ZDxwE62aakTQWrBOPbqZ+55Fpw5W8h3HGopQMJE84JWClIAQiw5gBuTrt1Rtu050B/yVeSRqoRLtX/wz7iuYpk0AFMSbw3AyigmjgVLBJLcwNywgdkQELLJUkZSYqZidP8JFV+jhR2pYEPFN/ThQkNWacxrYzJTA0i95U/M8LckguooLLLAcm6XxRkgsMCk//x32uGQUxtoRQze2tmA6JJhRsSjUbgrf48l/inzQvm97dWaN1XaZRRQfoEB0jD52jFrpFbeQjihR6Qi/o1QHn2Xlz3uetFaec2Ue/4Hx8Az0kkMM=</latexit>

Table 9: Sensitivity(S/
p
B) for hadronic (leptonic) signal events corresponding to all 4

types of 2HDM, and tan � = 30, sin (� � ↵) = 1.

mH± (GeV) L (in fb�1) Type I Type II Type III Type IV

300 0.043 (0.037) 7.4 (6.4) 0.16 (0.14) 0.042 (0.037)

300 1000 0.08 (0.07) 13.5 (11.6) 0.30 (0.26) 0.08 (0.07)

3000 0.14 (0.12) 23.3 (20.1) 0.51 (0.44) 0.14 (0.12)

300 0.017 (0.019) 3.1 (3.4) 0.09 (0.10) 0.017 (0.019)

500 1000 0.031 (0.034) 5.6 (6.2) 0.17 (0.18) 0.031 (0.034)

3000 0.053 (0.059) 9.8 (10.8) 0.29 (0.32) 0.053 (0.059)

300 0.004 (0.006) 0.71 (1.1) 0.02 (0.03) 0.004 (0.006)

800 1000 0.007 (0.011) 1.3 (2.0) 0.04 (0.06) 0.007 (0.011)

3000 0.01 (0.02) 2.2 (3.5) 0.07 (0.11) 0.01 (0.02)

Table 10: Same as Table.9, but with tan � = 3.

mH± (GeV) L (in fb�1) Type I Type II Type III Type IV

300 4.3 (3.7) 4.3 (3.7) 4.3 (3.7) 4.3 (3.7)

300 1000 7.8 (6.7) 7.9 (6.8) 7.9 (6.8) 7.8 (6.7)

3000 13.5 (11.7) 13.7 (11.8) 13.7 (11.8) 13.5 (11.7)

300 1.7 (1.9) 1.7 (1.9) 1.7 (1.9) 1.7 (1.9)

500 1000 3.1 (3.4) 3.1 (3.5) 3.1 (3.5) 3.1 (3.4)

3000 5.3 (5.9) 5.4 (6.0) 5.4 (6.0) 5.3 (5.9)

300 0.39 (0.62) 0.40 (0.63) 0.40 (0.63) 0.39 (0.62)

800 1000 0.72 (1.1) 0.73 (1.1) 0.73 (1.1) 0.72 (1.1)

3000 1.2 (2.0) 1.3 (2.0) 1.3 (2.0) 1.2 (2.0)
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Summary

Discovery potential of charged Higgs of 
Intermediate to Heavier masses are explored 

within the framework of 2HDM

Top jet is tagged using jet substructure technique 

With HL LHC, charged Higgs mass ~ 600 can be probe

More detailed investigation is  required,


