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Dark Matter is important by itself and should
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Motivation llI

Weakly-interaction massive particle provides an
excellent motivation

But, we should not be limited by WIMP’s

WIMPZILLAS

hep-ph/9810361
Kolb, Chung, Riotto

Figure 7. Dark matter may be much more massive than usually assumed,
much more massive than wimpy WIMPS, perhaps in the WIMPZILLA class.
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Motivation IV - Validation of EFT
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Motivation V

The SUSY searches are still relevant for many DM
models
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Figure 3: Bino-squark coannihilation benchmark sparticle spectrum.



Simplified Dark Matter Models

* Boson portal: Higgs
portal

Dark Matter

a Sector

* Fermion portal

u, da S, C, b7 t Dark Matter
e, [, T Sector



Fermion Portal Dark Matter

Conserving the Lorentz symmetry, at least two
particles in the dark matter sector are required

m a one boson and one fermion

X — X

a Majorana or Dirac Fermion or a scalar dark matter



Fermion Portal Dark Matter

Conserving the Lorentz symmetry, at least two
particles in the dark matter sector are required

o one boson and one fermion

X — X

a Majorana or Dirac Fermion or a scalar dark matter




Quark Portal Dark Matter
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Quark Portal Dark Matter
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Quark Portal Dark Matter
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Quark Portal Dark Matter
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QCD and Yukawa Interference
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Compare to Direct Detection
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m, (GeV)

Dirac Fermion Dark Matter
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my (GeV)

Complex Scalar Dark Matter
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Fraction of Events

MET Distribution in mono-jet
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Lepton Portal Dark Matter
»Cfermion 2 >\Z¢ZYL6ZR + h.c. :

X

e’ =e, U, T electric charged

* we will consider flavors one by one for Dirac
fermion, Majorana fermion and complex scalar
dark matter



Thermal Relic Abundance
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Thermal Relic Abundance
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* the degenerate region (the diagonal line) requires
more a careful co-annihilation calculation, which
has been ignored here



Dark Matter Direct Detection

* scattering off electrons at the target is
suppressed by the electron wave function

* scattering off nucleons requires one-loop process
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Dark Matter Indirect Detection
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* a model is excluded if the predicted total positron
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Production at the LHC
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* Fermion DM: the complex scalar mediator
production (the same as the right-handed
selectron one in SUSY)

* Complex scalar DM: vector-like fermion
mediators with larger cross sections
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Current Searches at the LHC
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ATLAS kept both selectron and smuon and used MT2
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Lepton MT2
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o(fb)/10 GeV

Tail of the Leptonic MT2
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* the tail can be fitted by a Breit-Wigner formula
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Status for Fermion DM
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for Majorana DM: suppressed signatures for indirect
detection and direct detection [O(10~*’ c¢cm?)]; only
the LHC provides useful constraints
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Status for Complex Scalar DM
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* the indirect detection is also p-wave suppressed

* much wider range of parameter space to be

explored by the 14 TeV LHC
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Conclusions

* More searches for simplified non-SUSY dark
matter models should be performed at the LHC

* The lepton portal dark matter provides a useful
reference model for comparing collider, direct and
indirect searches of dark matter

* The dilepton MT?2 tail can be fitted by a simple
Breit-Wigner formula

* The 14 TeV LHC could have a large chance to

discover the lepton portal dark matter
21
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Muon (g-2)
Efermion D) )\Z¢ZYL€7R »Cscalar D) AZX @ZLe%

Lepton anomalous magnetic moment:
a, =(9—2),/2

a, " = (11659208.9 £ 6.3) x 107'%  hep-ex/0602035, Muon G-2 Collab.

a; ' = (11659182.8 £4.9) x 107" 1105.3149, Hagiwara et.al.

a,”” —ao =(26.1+8.0) x 1070

may need a positive contribution from new physics
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