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Charged Higgs

Charged Higgs is predicted in extensions of Higgs sector

Two Higgs Doublet Model is one of them

Most studied 2HDM models: type I, type II, type Y and type X
Phenomenology of H± is distinct in each model

different prediction of X-sections and BRs
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Boosted particles at LHC

LHC is pushing mass scales of new particles

Resulting in boosted SM particles

Difficult to resolve all constituents at calorimeter

At 7 TeV, ∼ 1000 events/fb of tt̄ events: with pT > 300 GeV
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Jet clustering algorithms

dij = min(knT,i, k
n
T,j)

∆R2
ij

R2

diB = knT,i

anti-kT algorithm: n = −2

kT algorithm: n = 2

Cambridge-Aachen algorithm (C/A): n = 0

Implemented in framework of FASTJET
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Boosted Higgs tagging

We use the same procedure as is used by ATLAS and CMS

1. Find/Cluster Jets via C/A Algorithm with R=1.2

2. Undo final step of clustering

3. Use MassDrop Tagger to find substructure

3.1 For a jet j, label two subjets j1 and j2 such that mj1 ≥ mj2 .
3.2 If:

3.2.1 mj1 < µ mj and,
3.2.2 min(p2Tj1 , p

2
Tj2)∆R2

j1,j2 > ycut m
2
j

3.3 Then tag j as a fat jet .
3.4 If not: Redefine j = j1.

4. Apply b tagging to two subjets and call “j“ the Higgs jet ,

5. Re-cluster unrelated jet components with anti-kt algorithm

(R=0.4) and call them narrow jets .
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Cut based Analysis

Rectangular Cut based Analysis:

⇒ commonly used for enhancing S/B

However a major portion of signal events are also lost

MVA Techniques: Boosted decision trees and Artificial neu-

ral networks
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Signal and backgrounds

• pp→ tH−→
tW−bb̄→W+W−bb̄,

• W±→ `±ν;
W±→ j1j2,

• Trigger: 1`±, ≥ 3 b
jets, ≥ 2j,

Signal

♣

• W+W
−bb̄b⇒ Include

single-top processes,

• W+W
−bb̄j ⇒ Include

top pair production,

• W+W
−bjj,

Backgrounds

All objects : pT > 30 GeV and be within |η| < 2.5,Basic cuts
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Signal

Signal : `±MET + 3 b+ 2 j

Depending on source of `±, two signal regions are identified

SRI and SRII show distinct kinematical features

Wtop
WH±

MH± = 750 GeV

Transverse Momentum (pT) (GeV)

N
or
m
al
iz
ed

E
ve
n
ts

7006005004003002001000

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

SRI: pT (Wlep) > 200 GeV

⇒ one fat-jet

SRII: pT (Wlep) < 200 GeV

⇒ two fat-jets

Leading fat jet could be from W /H

Better background control in SRII
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Input Variables (SRI)

HT distribution: HT = p`
±

T +
∑
j

pjT
Missing Energy distribution in SRI
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Input Variables (SRI) Contd...

pT distribution of leading fat jet J1
in SRI

Invariant mass distribution of lead-

ing fat jet J1
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Input Variables (SRII)

Invariant mass distribution of lead-

ing fat jet J1

Invariant mass distribution of 2nd

leading fat jet J2
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Reconstructed MH± in SRI and SRII

Invariant mass distribution of lead-

ing fat jet J1 and Wlep

Invariant mass distribution of first

two leading fat jet J1 and J2
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Cut flow in SRI
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BDT Output for SRI

BDT response
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3

N
or

m
al

iz
ed

 E
ve

nt
s

0

1

2

3

4

5

6
Signal (test )

Background (test )

Signal (training )

Background (training )

14



Signal Significance for SRI

Cut value applied on BDT output
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For 92 signal and 162 background
 isS+Bevents the maximum S/

7.9222 when cutting at 0.0420
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Cut flow in SRII
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BDT Output for SRII

BDT response
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Signal Significance for SRII

Cut value applied on BDT output
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10.9281 when cutting at 0.1269
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Summary and Conclusion

Bosonic decays of H± opens a new realm in search for

charged Higgs

Heavy charged Higgs produces highly colllimated decay

products a the detector

Jet substructure tools may provide a better handle over the

background
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