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Thermal higgs portal dark matter at the LHC
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Soft leptons from singlet-triplet model
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Soft leptons from singlet-triplet model
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Background: Displaced di-lepton analysis at 13 TeV

PhD Thesis 2019, VUB: Q. Python
CMS-PAS-EXO-16-022

» Data driven background estimate for displaced leptons.

» Estimates in regions based on the impact parameter (d,).
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» Lepton kinematics depends on Am.
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S I g N al M Od v I param ete I'S » Detector acceptance is affected by ct,.

» Lepton kinematics depends on Am.
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S I g N al M Od v I param ete I'S » Detector acceptance is affected by cr..

» Lepton kinematics depends on Am.
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Signal Yield (For ¢/= 140 fb)

HF background (&= 2.6fb) ‘ 4123 ‘ 644 25 «

# (me [GeV], Am [GeV], e1. [eml)) St St St
1 (324, 20, 2) 0.38 0.43 1.18
2 (220, 20, 3) 1.18 1.40 5.5D
3 (220, 20, 0.1) 139 37 .08
4 (220, 20, 1) — (/= 140fbY) 174 157 283
5 (220, 20, 10) 32 93 318
6 (220, 20, 100) 1.35 2.15 31

7 (220, 40, 1) -~ 1067 980 1826

HF background (&= 140fb™) 221097 | 34688 | 1318 <—
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» Background with
luminosity scaling is
200000!

> Signal yield relatively

very low for Am = 20
GeV.

» Am =40 GeV is already
excluded.

Scaled with
luminosity
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Signal Yield (For &= 140 fb) : Limit plot

m. = 220 GeV cut-based » Background with
100 Am = 20 GeV luminosity scaling is
300 fb 200000!

-~~~ » Signal yield relatively

Ve - ™ very low for Am = 20
10 = GeV.
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Model independent neural network to Improve
signal vs background pldniy - o 24, 2
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» One classifier for all benchmarks.
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Exclusion limit for the benchmarks
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Exclusion limit for the benchmarks
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Conclusion and Outlook

» Soft displaced leptons are typical signs of dark matter from co-scattering and co-annihilation.

» To observe these signatures at the LHC, events with soft leptons need to be selected.
» LHC signal with soft displaced leptons are challenged by large heavy flavour background.

» Multivariate analysis effectively discriminates between signal and HF background.
» Neural network reduces background by two orders of magnitude.

> With 140 fb! ct, values between 2 mm and 2 m can be excluded.
» Analysis with LHC Run 2 data involving displaced lepton and MET.

» Can be discovered with LHC data.

» Requires cross triggers with lower p; threshold and other objects.
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Higgs portal dark matter
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Standard simulation framework

/
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Event Generation:
Madgraph5 aMCENLO
2.6.0
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Hadronization:

) Pythia )

8.243
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CMS effects:
Delphes 3.4.1
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Event Selection in CMS-PAS-EXO-16-022

Oppositely charged 1 muon 1 electron
e and p pr > 40 GeV p > 42 GeV

with n<24 n<24
AR>0.5 Isolation < 0.15 Isolation < 0.12

» Dominant background: Leptons from heavy flavour jet misidentified as isolated leptons.
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Accuracy of
NN classifier
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