
The 2HDM-I heavier CP-even Higgs production

•
√

s = 14 TeV.

• Alinement limit: cos(β − α) = −0.06.
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The 2HDM-I heavier CP-even Higgs Br
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The 2HDM-I 125GeV Higgs Br
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The 2HDM-I pp → H → hh → W+W−γγ channel

σ[ pp → HX ]×Br [ H → hh ]×Br [ h → W+W− ]×Br [ h → γγ ]×2
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The 2HDM-I pp → H → hh → W+W−γγ channel

• Br [ h → W+W− ] / Br [ h → b b ] ≃ 0.38;

• Br [ W → ℓ ν ] ≃ 10.8% (ℓ : e or µ or τ);

• Br [ W → hadrons ] ≃ 67.6%.

• Signal cross section ratio σ[ W+W−γ γ ] / σ[ b b γ γ ]:

hadronnic decay: 0.38× 67.6%2 ≃ 0.18;

leptonic decay: 0.38× (3× 10.8%)2 ≃ 0.04;

semi-leptonic decay: 0.38× 67.6% × 3× 10.8% × 2 ≃ 0.17.
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Semi-leptonic decay channel
• Fast-simulation project:

MG5 + pythia + delphes 3.0.10.
• 2HDM Signal: MH = 300 GeV.
• SM irreducible background:

p p → q q ℓ ν γ γ ∼ 31.13[fb].
• SM reducible background:

p p → q q ℓ ν g g ∼ o(10−4)[fb],
p p → q q ℓ ν g q ∼ o(10−4)[fb],
p p → q q ℓ ν q q ∼ o(10−4)[fb],
p p → q q ℓ ν q γ ∼ o(10−1)[fb],
p p → q q ℓ ν g γ ∼ o(10−1)[fb].

with photon identification efficiencies:
ϵq→γ ≈ 3.6× 10−4 , ϵg→γ ≈ 3.6× 10−5 .
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Semi-leptonic decay channel

• SM Higgstrahlung:

Radiate Higgs: p p → h → W+W− → W+W−h.

p p → W+W−h → q q ℓ ν γ γ ∼ 2.3× 10−3[fb].
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Semi-leptonic decay channel
• SM reducible background:

p p → ℓ ν γ γ ∼ 143.3[fb].

• SM Higgs reducible background:

p p → W h → ℓ ν γ γ ∼ 0.42[fb].
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Signal generated by MG5

• Generating q q on shell(ℓ ν off shell) and q q off shell(ℓ ν on
shell) separately
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Events selection
• Overlab remove:

◦ Electrons with ∆R(e, γ) < 0.4 are removed;
◦ Jets(BTag,TauTag = 0) with ∆R(jet, e) < 0.2 or

∆R(jet, γ) < 0.4 are removed;
◦ Muons with ∆R(µ, jet) < 0.4 or ∆R(µ, γ) < 0.4 are

removed.
• Final state(q q ℓ ν γ γ) selection:

◦ Number of qjet ≥ 2, choosing leading and subleading
qjet pair;

◦ Number of photon ≥ 2, mγγ of photon pair closest to
mh;

◦ Number of electron or muon = 1.
• Basic cuts: |ηγ,q,ℓ| < 2.5, PTγ,q > 25 GeV, PTℓ

> 15 GeV.
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Distribution of photon
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• Cut based: 120 GeV < mγγ < 130 GeV.
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Distribution of photon
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• Cut based: 1.7 < ∆Rγγ < 3.2 and ∆Φγγ > 1.5.
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Missing ET distribution

MissingET (GeV)
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• Cut based: MET < 40 GeV.
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Distribution of lepton

PT of lepton (GeV)
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Distribution of qjet
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0 20 40 60 80 100 120 140 160 180 200

-510

-410

-310

-210

-110

Signal Total

Signal Total - parton

Signal(qq on shell)

Signal(qq on shell) - parton

Signal(lv on shell)

Signal(lv on shell) - parton

Background

• Cut based: m[1]
qq < 90 GeV.

• Cut based: 70 GeV < m[2]
qq < 82 GeV.
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Distribution of qjet
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Transverse mass distribution
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Cut efficiency

mγγ

Cuts σtotal Events selection m[1]
qq ∆Rγγ , ∆Φγγ

MET
Signal [fb] 0.44 0.025 0.0083 0.0068
qqℓνγγ[fb] 31.59 0.58 0.0017 0.0011
ℓνγγ[fb] 143.3 0.065 0.00086 0.00072
Wh[fb] 0.42 0.0051 0.00026 0.00019

WWh[fb] 0.0023 0.00021 0.00002 0.00001
S/B 0.0025 0.038 2.96 3.38

S/
√

B 1.05 0.97 4.96 4.79
Signif-P 1.05 0.97 3.74 3.52

Signif-P:
√

2×
{
(S + B)× ln[(S + B)/B ]− S

}
. Integrate

luminosity is assumed to be
∫
Ldt = 1000 fb−1.
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Cut efficiency

mγγ

Cuts σtotal Events selection m[2]
qq ∆Rγγ , ∆Φγγ

MET
Signal [fb] 0.44 0.025 0.0032 0.0026
qqℓνγγ[fb] 31.59 0.58 0.00040 0.00025
ℓνγγ[fb] 143.3 0.065 0.00014 0.00014
Wh[fb] 0.42 0.0051 0.00006 0.00005

WWh[fb] 0.0023 0.00021 0.000008 0.000005
S/B 0.0025 0.038 5.17 5.85

S/
√

B 1.05 0.97 4.05 3.92
Signif-P 1.05 0.97 2.73 2.57

Signif-P:
√

2×
{
(S + B)× ln[(S + B)/B ]− S

}
. Integrate

luminosity is assumed to be
∫
Ldt = 1000 fb−1.
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