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ΦTP2Idea and set-up

Higgs sector of the NMSSM

hierarchy: ma1,h1
< mH+ < mt, where a1, h1 are mainly gauge singlets

process: pp → tt̄ → W±H∓bb̄ → W+W−bb̄a1/h1 → W+W−bb̄γγ

Monte Carlo results

preliminary DELPHES results
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ΦTP2Higgs within NMSSM in nut-shell
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ΦTP2Constraints

Higgs physics: HiggsBounds-4.1.1

Squark- and gluino masses: 1.5 TeV except 3rd generation squarks

search for charginos/neutralinos: lightest states are Higgsinos, nearly mass

degenerate

B-physics:

BR(b → sγ) = (3.43± 0.21± 0.07± 0.24th)× 10−4,

∆MBs
= 17.69± 0.08± 3.3th ps−1,

∆MBd
= 0.507± 0.004± 0.091th ps−1,

BR(Bs → µ+µ−) = (2.9± 0.7± 0.29th)10−9

BR(b → sγ) and ∆MBs
require non-trivial flavour structure in the squark sector and

most likely mt̃1
<
∼ 750 GeV
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ΦTP2Benchmark points

parameter BMP-A BMP-B Branching ratios BMP-A BMP-B

tan β 1.68 1.45 Br(t → bH+) 3.3× 10−3 1.8× 10−2

κ 0.596 0.94 Br(H+ → W+H1) 0.68 0

λ 0.596 0.62 Br(H+ → W+A1) 0 0.86

µeff 131.5 143.7 Br(H1 → γγ) 6.1× 10−3 1.76× 10−3

mH0
1

73.8 126.8 Br(A1 → γγ) 2.6× 10−5 1.0× 10−4

mH0
2

126.7 172.0 Br(H1 → bb̄) 0.24 0.72

mH0
3

192.6 364.1 Br(A1 → bb̄) 0.11 0.86

mA0
1

155.4 66.6 Br(H1 → cc̄) 0.32 0

mA0
2

428.4 402.0 Br(A1 → cc̄) 0 0

mH± 161.9 149.4 Br(H1 → g g) 0.4 0.02

mt̃1
645.4 656.2 Br(A1 → g g) 0 0.02

m
b̃1

883.5 879.0

SARAH generated NMSSM SPheno version, cross-check with NMSSMtools
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ΦTP2Benchmark points

Channel: 8 TeV 13 TeV 14 TeV

σNLO+NNLL(pp → tt̄) [pb]∗ 228 746 882

σLO−MG5(pp → tt̄) [pb] 135 463 555

pTmin
(j) pTmin

(γ) pTmin
(ℓ) |η|max(j) |η|max(γ) |η|max(ℓ) ∆R

20 GeV 10 GeV 10 GeV 5 2.5 2.5 0.4

Basic cuts

CM energy L(fb−1) BMP-A (SH1

2b+2W+2γ) BMP-B (SA1

2b+2W+2γ)

8 TeV 20 121 14

13 TeV 100 1987 228

14 TeV 100 2351 270

SΦ
2b+2W+2γ = 2× σLO−MG5(pp → tt̄)×Br(t → bH+)×Br(t̄ → b̄W−)

×Br(H+ → W+Φ)×Br(Φ → γγ)× L

using MadGraph 5.1.5.13; ∗ http://www.lpthe.jussieu.fr/∼cacciari/ttbar/
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ΦTP2Background

pTmin
(j) pTmin

(γ) pTmin
(ℓ) |η|max(j) |η|max(γ) |η|max(ℓ) ∆R

20 GeV 10 GeV 10 GeV 5 2.5 2.5 0.4

Basic cuts

Background events 8 TeV 13 TeV 14 TeV

pp → W+W−bb̄γγ 181 2859 3353

pp → W+W−
(−)

b jγγ 5 146 261

pp → W+W−
(−)

b γγ 9 194 240

using MadGraph 5.1.5.13
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ΦTP2Results, Monte Carlo Level, BMP-A

Signal: pp → tt̄ → b(b)WH → b(b)WWh1 → b(b)jjlνγγ

pT (j) |mjj −mW | pT (b1) pT (γ), pT (ℓ) mγγ |η| ∆R

≥ 20 GeV ≤ 20 GeV ≥ 40 GeV ≥ 10 GeV ≥ 10 GeV ≤ 2.5 ≥ 0.4

Applied cuts; b1 = hardest b-jet
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ΦTP2DELPHES simulation, preliminary

take the CheckMATE hack with ATLAS detector card

object selection:

jets: anti-kt algorithm, pT ≥ 20 GeV, ∆R ≤ 0.4, |η| ≤ 2.5

identification of b-jets is performed with a working point of 70%

e: pT ≥ 10 GeV, |η| ≤ 2.47

µ: pT ≥ 10 GeV, |η| ≤ 2.4

γ: pT ≥ 20 GeV, |η| ≤ 2.37

overlap removal:

jets are removed if ∆R < 0.2 to electrons

electrons are removed if ∆R < 0.4 to surviving jets

muons are removed if ∆R < 0.4 to surviving jets

photon isolation criteria based on ATLAS-CONF-2014-001

photon is removed if > 4GeV transverse energy in a cone of ∆R < 0.4
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ΦTP2Results, DELPHES, BMP-A, preliminary

exactly 2 γ and mγγ ≥ 10 GeV

at least one b-jet with pT ≥ 40 GeV

at least two none-b jets, and two of them fullfill |mjj −mW | ≤ 20 GeV

exactly one lepton (e, µ)

preliminary
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ΦTP2Results, DELPHES, BMP-A, preliminary, something puzzling

two hardest jets with |mjj −mW | ≤ 20 GeV ⇔ two jets with |mjj −mW | ≤ 20 GeV

preliminary preliminary
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