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Supersymmetry
What is supersymmetry?

An extended space-time symmetry
Relation between Boson and Fermion

What can supersymmetry do?

Higgs hierarchy problem: quantum correction cancel between particle
and sparticle
Gauge coupling unification at high energy: Strong + EW
Dark matter: e.g. neutralino

predictions from supersymmetry

partners for every SM particles
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Supersymmetry at LHC

Sparticle hunt at LHC

typical strategy: Missing energy plus jets, leptons, ...

from ATLAS 1110.0282
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Current status of sparticle hunt

7, 8 TeV results

t̃ mass & 700 GeV
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Current status of sparticle hunt

7, 8 TeV results

g̃ mass & 700 GeV
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Current status of sparticle hunt
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Status: July 2015

ATLAS Preliminary√
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*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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Sparticle summary

LHC 7 (8) TeV results

light flavor squarks: q̃ mass & 800 GeV
gluino: g̃ mass & 1300 GeV
3rd generation: t̃, b̃ mass & 700, (600) GeV

Can sparticle be lighter than constraints?

Yes, they could be hide in missing energy
“double invisible” in the decay
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Hiding missing energy in missing energy

the impact of “double invisible” in the decay
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Hiding missing energy in missing energy

light flavor squark q̃ in “double invisible” scenario

constraint ∼ 500 GeV
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Hiding missing energy in missing energy

3rd generation squark t̃, b̃ in “double invisible” scenario

constraints significantly weakened
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Hiding missing energy in missing energy

gluino g̃ in “double invisible” scenario

constraints significantly weakened
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Hiding missing energy in missing energy

novel kinetic variable e.g. MT2 ?

sensitivity is still weakened
less energy in visible
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“double invisible” model realization

q̃ → qχ̃∗ → qσ̃σ

LSP σ̃ carries some additional charge or parity, that appear in pair.
e.g. sneutrino ν̃
mq̃ < mχ̃ through Dirac gauginos setup (P.J.Fox, A.E.Nelson,
N.Weiner)
but slepton mass can be lower than squark.
Γq̃→q` ˜̀� Γq̃→qσσ̃.

Superpotential

W = 1
Mmed

W α
Y W ′

αS + ySσσ̄ + mσσ̄

Wα(y , θ, θ†) ≡ λα + θαD + i/2(σµσ̄νθ)αFµν + iθθ(σµ∂µλ
†)α

〈W ′
α〉 = θD an effective D-term spurion, could from hidden U(1)′

S mixed with bino, mediating coupling to σ̄σ
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Summary

q

q
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q
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σ
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“double invisible” reduces LHC sensitivity
q̃, g̃ , b̃, t̃ constraints are weakened
sleptons are similar
smaller cut threshold on /ET , pT and HT are helpful

Thanks for your time!
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