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GMSB Overview 
• Popular class of SUSY breaking 

scenarios 
–  SUSY broken at high scale, in the hidden sector 
–  Usual                                       gauge interactions 

responsible for communicating this to the observable 
sector 

• Parameters for mGMSB: 

• Phenomenology 
–  Lightest SUSY particle (LSP) – gravitino 
–  Next-to-lightest SUSY particle (NLSP) – neutralino, slepton, 

etc. 
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GMSB Overview (cont.) 
• All SUSY particles decay (e.g., via cascades) to the 

NLSP, which then decays to the gravitino (LSP)  

The nature of the NLSP thus determines the 
signature in the detector! 

• Assume lightest neutralino is the NLSP in our 
analyses 
–  Neutralino is a mixture of gaugino and Higgsino 

eigenstates 

–  This leads to final states such as     
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Final States in our Analyses 
Lightest Neutralino (    )- NLSP 
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Neutralino Production & Decay 

Neutralino Mass ( GeV ) 
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Higgsino-like neutralino model: 
                                                             (Phys. Rev. D62, 095007, 2000) 

€ 

M Λ = 3, N = 2, µ = 0.75M1, tanβ = 3
Neutralino Mass ( GeV ) 

€ 

σ(pp→ ˜ χ 1
0 ˜ χ 1

0) =1.88pb

€ 

Λ = 80 TeV, s =10TeV
  

€ 

σ( pp→ ˜ χ 1
0 ˜ χ 1

0 → Z()γ ˜ G ˜ G ) = 56.2 fb

  

€ 

σ( pp→ ˜ χ 1
0 ˜ χ 1

0 → Z()Z() ˜ G ˜ G ) =1.4 fb

Note:              above   

€ 

 = e, µ



Visualization of Signal Events 
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Virtual Point 1 (VP1) – an ATLAS event display program  

photon 

muon 

RPC/MDT 



Kinematics of                    

Δϕ between two neutralinos Δϕ between muons 

Lepton pT 
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€ 

˜ χ 1
0, Z γ , ˜ G pT 

ATLAS Work in Progress 

ATLAS Work in Progress 

ATLAS Work in Progress 

ATLAS Work in Progress 



Background MC - dddddddddd  
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Preselection –    Z(ll) γ 
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ATLAS Work in Progress 

ATLAS Work in Progress 



Signal & Background Contributions 
(after preselection) 
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ATLAS Work in Progress ATLAS Work in Progress 
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ATLAS  
Work in Progress 

ATLAS  
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ATLAS Work in Progress 
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Results of Z(ll)γ + MET Selection  
(1fb-1) 
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Electron Analysis Muon Analysis 



Results for 1fb-1 

10 TeV vs. 14 TeV 
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10 TeV 
•  1fb-1 - 3σ evidence 

•  < 3 fb-1 – 5σ discovery 
–  5.4σ can be reached with 3 fb-1  

14 TeV 
•  <2 fb-1 - 5σ discovery! 

-  5.9σ can be reached with 2 fb-1 

Discovery Sensitivity for 
ZGamma  
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Z(µµ)γ + !ET Z(ee)γ + !ET Combined
Ns 5.4± 0.06 3.4± 0.05 8.80± 0.08
Nb 2.4± 0.65 1.0± 0.35 3.4± 0.7
p-value (20% sys) 0.009 0.036 0.0014
Significance (20% sys) 2.4σ 1.8σ 3σ



•  Preselection – use same cuts as for 
analysis  
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Background MC - dddddddddd  

Sample σnlo[fb]
∫
L dt [fb−1]

ZZ 66 742
tt 6064 65

Zbb 695 444

14 TeV 



Results of dZ(l+l-)Z(l+l-)d 
Preselection 
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ATLAS Work in Progress ATLAS Work in Progress 
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Results of              Selection for 30 fb-1  
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Discovery Sensitivity for 30 fb-1 
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Can also use BDTs – significance is improved! 



Conclusions 
• GMSB models provide phenomenologically 

interesting topologies for SUSY searches 
• ATLAS Sensitivity – for model line E 

– 5σ discovery for                for < 3 fb-1 (10 TeV) 
– 5σ discovery for GammaZ for < 2 fb-1 (14 TeV) 

• 20% systematic uncertainty 
– 3σ for      ZZ   for 30 fb-1 

– 4σ for ZZ        for 30 fb-1 with BDT Analysis 
• 10% systematic uncertainty 
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€ 

Λ = 80 TeV, M Λ = 3, N = 2, µ = 0.75M1, tanβ = 3



Backup 

22 
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VP1 Visualization of Signal Events 

muons 

RPC/MDT 
(barrel) 

MDT/TGC 
(endcap) 

photon 



Z(ll) γ MET -  Selection Cuts 
•  |MZ - Mll|<13 GeV 
• min (ΔR) < 0.4 
•  pT (γ) > 30 GeV 
• min pT (l) > 10 GeV 
• MET > 40 GeV  
•  |Δd0| < 0.1mm/0.15mm && |Δz0|<1mm 
• MT (ll γ MET) > 210 GeV 
• N tracks in cone 0.3 around lepton/photon 

< 4 
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around muons around photons 
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