
.

......

The LHC Searches for The Heavy Higgs via
Two B-jets plus Di-photon

Ning Chen, Chun Du, Yaquan Fang, Lan-Chun Lü. [arXiv:
1312.7212].Phys.Rev.D(submitted)

2014.02.25

Chun Du 1 / 16



Higgs productions

• Gluon fusion.
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where τq ≡ M2
h/(4m2

q). R is production cross section ratio, ξ is
Higgs coupling ratio, A is loop-level form factor.
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Higgs productions

AH
1/2(τ) = 2[τ + (τ − 1)f(τ)]τ−2 ,

f(τ) =
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arcsin2√τ , τ ≦ 1 ,
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. τ > 1 ,

when M2
h ≪ 4m2

q, AH
1/2(τ) → 4/3 and M2

h ≫ 4m2
q, AH

1/2(τ) → 0.

In our case, heavy Higgs(500 GeV) production:

RggF =
σ[ gg → H ]

σ[ gg → H ]SM
≈ (ξHtt̄)

2 .
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Higgs productions

• Vector boson fusion.
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RVBF =
σ[ q1q2 → hq′1q′2 ]
σ[ q1q2 → hq′1q′2 ]SM

= ξ2hVV .
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Higgs productions

• Associated with vector boson.
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RVH =
σ[ q1q̄2 → Vh ]
σ[ q1q̄2 → Vh ]SM

= ξ2hVV .
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Higgs productions

• Associated with heavy quarks.
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RttH =
σ[ gg → t t̄h ]
σ[ gg → t t̄h ]SM

= ξ2ht t̄ .

Chun Du 6 / 16



Higgs productions

• Inclusive production of heavy Higgs.

σ[ pp → XH ] = RggF × σ[ gg → H ]SM

+RVBF × σ[ q1q2 → Hq′1q′2 ]SM

+RVH × σ[ q1q̄2 → VH ]SM

+RttH × σ[ gg → t t̄H ]SM

≈ (ξHtt̄)
2 × σ[ gg → H ]SM ,

we just consider the dominant gluon fusion process.
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Signal corss section ratio between different energy

σ[ pp → H → hh → XXX′X′(8TeV) ]

σ[ pp → H → hh → XXX′X′(14TeV) ]

=
2× σ[ pp → H(8TeV) ]× Br[H → hh ]× Br[ h → XX ]× Br[ h → X′X′ ]

2× σ[ pp → H(14TeV) ]× Br[H → hh ]× Br[ h → XX ]× Br[ h → X′X′ ]

≈ σ[ gg → H(8TeV) ]

σ[ gg → H(14TeV) ]

=
(ξHtt̄)

2 × σ[ gg → H(8TeV) ]SM
(ξHtt̄)2 × σ[ gg → H(14TeV) ]SM

=
σ[ gg → H(8TeV) ]SM
σ[ gg → H(14TeV) ]SM

= 0.244 ,

for all parameter space in Type-I and Type-II.
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Background corss section for 8TeV
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Background corss section for 8TeV

• Single Higgs Background
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Background corss section for 8TeV

• Truth D3PDs(Major background processes, allowing for
light-flavor jets to fake photons photons and b-tagging:
bb̄γγ, bb̄jγ, bb̄jj, bjγγ, bjjγ, jjγγ.)
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Background corss section for 8TeV
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Background corss section for 8TeV
• Other background samples
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Referee reports

• Doing some modification according to the referee reports
with Ning Chen. Recalculating, redrawing, ...
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Implications to the LHC searches for H

Figure : The LHC-14 search sensitivities to the H → bb̄γγ final states
on the (α , β) parameter space(MH = 300 GeV case). left: 2HDM-I
for the

∫
Ldt = 100 fb−1, and right: 2HDM-II for the∫

Ldt = 100 fb−1. The yellow shadow in each plot represents the
parameter regions within the reach via the bb̄γγ final states. The
green and brown bends are the global fit to the 2HDM parameters
(α , β) at the 68% and 95% CLs.
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Implications to the LHC searches for H

Figure : The LHC-14 search sensitivities to the H → bb̄γγ final states
on the (cos[β − α] , β) parameter space(MH = 300 GeV case). left:
2HDM-I for the

∫
Ldt = 100 fb−1, and right: 2HDM-II for the∫

Ldt = 100 fb−1. The yellow shadow in each plot represents the
parameter regions within the reach via the bb̄γγ final states. The
green and brown bends are the global fit to the 2HDM parameters
(cos[β − α] , β) at the 68% and 95% CLs.
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