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Question

e \What are the prospects for discovery of the Inert Doublet Model in the four-
lepton plus missing energy channel at the Large Hadron Collider, provided
that the lightest inert scalar constitutes the dark matter in the universe?

¢ \We also investigate how these prospects relate to direct dark matter searches
and to the Standard Model Higgs search.

In collaboration with Michael Gustafsson and Erik Lundstrom.




How to test particle nature of dark matter”?

¢ Indirect and direct detection - astrophysical uncertainties potentially large.

e High-energy colliders - stability of particle after leaving detector?

Millennium Simulation

e Important complementary approaches!




The CERN Large Hadron Collider (LHC)

e Designed for proton-proton collisions at 14 TeV center-of-mass energy.

Muon Detectors Electromagnetic Calorimeters

e At design luminosity 100/fb/year).

Solenod
Forward Calorimeters

Inner Detector )
Hadronic Calonmeters

The ATLAS detector
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The Inert Doublet Model (IDM)

e An extension of the Standard Model Higgs sector to include an extra “inert”

doublet, H>, odd under unbroken Zsy-symmetry, while SM fields even.
Deshpande, Ma (1978)
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e Phenomenologically motivated. Barbier, Hall Rychkov (2006) |Excluded N, /- .
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Lopez Honorez, Nezri, Oliver, Tytgat (2007)
Gustafsson, Lundstrém, Bergstrom, Edsjo (2007) mH [GeV]

o Here we take H" to be the dark matter candidate (WIMP).

http://lepewwg.web.cern.ch/l EPEWWG/
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http://lepewwg.web.cern.ch/LEPEWWG/
http://lepewwg.web.cern.ch/LEPEWWG/

The role of multiple leptons at LHC

e The IDM has been shown to predict signals in di- and trilepton (plus missing
transverse energy, F'r) channels at 100-300/fb of running at 14 TeV.

Dolle, Miao, Su, Thomas (2010), Miao, Su, Thomas (2010)

e Could give rise to even higher lepton multiplicities in the final state:

A
s

e What are the prospects for the complementary tetralepton + £ channel?




Production via gauge bosons

e pp — HTAY, HYH-

e Depends only on the masses of the inert scalars. mpo =70 GeV

‘| 4-lepton production, log, [o/1 fb]
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Production via SM-like Higgs

e pp — AYA°. HYH™

e Depends also on Higgs mass and coupling. mpo =70 GeV, pz = 0,mp+ = 220 GeV

4-lepton production, Iog1o[o/1 fb]




Constraints on IDM

110 ; ; ; ;
¢ \Vacuum stability -> “lower” bounds on )\@' 100l LEP excluded ||

e Perturbativity -> upper bounds on \;
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e Collider searches (Z- and W-widths) _ N
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e Electroweak precision tests (EWPT) : B

AT (mH+ — on)(mH+ — mHo)
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¢ Relic density (WMAP-7)

Gustafsson, Lundstrém, Bergstrom, Edsjo (2007)

Q,,h* = 0.1109 £ 0.0056(10)




Direct detection

Given the dark matter mass, direct detection constrains the coupling:

2 2
Mo — M2

2 B DM direct detection limits
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which is related to the coupling
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relevant for production of AOAO
via the SM-like Higgs.




Benchmark models

e Representative of different SM-like Higgs masses.

e A-models optimized for “via gauge”-channel.

Obligue parameter constraints

¢ B-models optimized for “via h”-channel.

Benchmark A | Qm h?

IDM-A1 0.0 |10.107
IDM-A2 0.0 10.110
IDM-B1 0.113
IDM-B2 0.111
IDM-C1 0.110
IDM-C2 0.109




Benchmark models

e Production cross-sections in fb.
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Standard Model background

[fb]
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Cuts

e 4 (or more) isolated leptons, pflp > 20 GeV, p?,iSA > 10 GeV,
e Missing transverse energy K > 20 GeV,
e Z veto: no SF-0OS lepton pair with invariant mass in the range 75-105 GeV,

e The minimal invariant mass of SF-OS lepton pairs per event < 60 GeV (can be
optimized depending on model),

e No more than 2 jets with pr > 20 GeV, and for jet pairs invariant mass <100
G eV. x 10 . Invariant mass of e pai
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Results

e Cross-sections in 0.01 fb (number of events after 100/fb).
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Conclusion

¢ \We investigated the prospects for IDM dark matter to show up in the
tetralepton + missing energy channel at LHC.

e Discovery channel for IDM with SM-like Higgs mass 250-300 GeV?

e Detection at 300/fb (100/fb) with 500 GeV Higgs possible.

ATLAS + CMS Preliminary, \s = 7 TeV | —s— Observed | G.Rolandis talk at HPC 2011, Paris
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