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Dark Sector Decay to Standard Model
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All, Some, or None of the Dark Sector States May
Have Prompt Decays Back to the Standard Model

Very Wide Range of Possibilities Depending On:

Production Portal
Dark Spectrum

Dark Cascade Decays
Dark Showering
Decay Portal



Dark Sector Decay to Standard Model

Classify Dark Decay Modes According to - Srandard
Relevant Experimental Considerations: ark - - @< podu

1. Dark Object Content D {Leptons, Jets, MET} -
Decay Portals (No Decay = MET)

2. Dark Object Multiplicity / Isolation -

Dark Cascades and/or Dark Showering
(Confined Non-Abelian or Higgsed (Non)-Abelian Large g;)

High Multiplicity = <«———  Low Multiplicity
Non-Isolated Object <«——  Isolated Object

("Lepton Jets" ) ( Di-muons )
"Difficult” “Easy"

* 3. Associated Objects from Production/Decay - {Leptons, Jets, MET}



Dark Sector O Abelian Gauge Symmetry
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Higgsed Abelian Dark Sector - Decay to Standard Model
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Higgsed Abelian Dark Sector - Decay to Standard Model
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Higgsed Abelian Dark Sector - Decay to Standard Model
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Higgsed Abelian Dark Sector - Decay to Standard Model
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Higgsed Abelian Dark Sector - Direct Production
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Higgsed Abelian Dark Sector - Direct Production

Direct Dark Photon Production e ecosOy JpyXy
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Assume 7, 2 SM : Resonance Search inu* u- DY (Background - Data)



Higgsed Abelian Dark Sector - Indirect Production
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Higgsed Abelian Dark Sector - Indirect Production
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Assume v, > SM :

Inclusive Isolated I*|- + m* m~ Resonance Search in Z Decays

LEP: O(107) Z's Ej x=my/2 (Veto I*l-y)
Tevatron: 0O(109) Z's
LHC:



Higgsed Abelian Dark Sector - Indirect Production
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Assume 7, 2 SM:
High pr Isolated (I*I-)(I*I) + (I* )(z* =) ? Di-Resonance Search

Tevatron: h 2> (u* w)(u n) Search
LHC: h=> (l+1-)(+ 1) + (I+1-)(m+ ®-) ? Search (c.f.h > vY)
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Higgsed Abelian Dark Sector - Indirect Production
With Shared Conserved Quantum Number
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SUSY Dark Sector D SUSY Abelian Gauge Symmetry

Standard Model Portals Dark Sector Portals
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Higgsed Abelian Dark Sector - Indirect Production
With Shared Conserved Quantum Number
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Assume v, 2 SM , vy, 2> Blocked:

Inclusive High pT Isolated (I+1-)(I+1-) + (I+|-)(n+ ®-) ?
Di-Resonance Search in Association with MET

Inclusive High pT Isolated (I+1-)(I*I-p*) + (I+ |-)(7w+ ®-p* ) ?
Di-Resonance Search in Association with MET

Assume Yy, hy, Wy, 05 > SM+ MET

Dark Object Search in Association with SUSY Cascade
(Non-Isolated MET)




SM Singlet + Higgsed Abelian Dark Sector - Indirect
Production With Shared Conserved Quantum Number

Standard Model Portals Dark Sector Portals
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SM Singlet + Higgsed Abelian Dark Sector - Indirect
Production With Shared Conserved Quantum Number

Singletino > Darkino + Photon , Dark Photon g ——r

Br(ys — Apy) + Br(vs — Apyp) = 1

Assume vy 2 SM , A;> Blocked:



Di-Lepton Resonance Spin + Polarization
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Dark Sectors at High Energy Colliders

Three production Mechanisms Available

Direct
Indirect
Indirect with Quantum Number

* Very Wide Range of Signatures .. (Examples)

Dark Object Content {Jets, Leptons, MET}
Dark Object Multiplicity / Isolation

Associated Objects  {Jets, Leptons, MET}
Dark Sector O Higgsed Abelian Gauged Symmetry

Universal Portals > High p+ Low Multiplicity Isolated Objects
(In Association with Other Objects)

Di-Lepton Resonance - Spin + Polarization









