
Search for Universal Extra Dimensions 

in pp Collisions  

Angelo Santos 
SPRACE-IFT/Unesp 

 

 

 

 

On Behalf of DØ Collaboration 

_ 



Outline 

• Tevatron and DØ 

• Universal Extra Dimensions 

• Channel of 

• Background Estimation 

• Statistical Test 

• Conclusion 

A. S. Santos 2 ICHEP 2012 



Tevatron and DØ 

• Tevatron 

–       collider 

–      = 1.96 TeV 

– Detectors: CDF and DØ 

– Run II int. Lumi: 10 fb-1 

• DØ Detector 

– Silicon Microstrip and Central 

Fiber Trackers 

– Liquid-Ar/Uranium calorimeter 

– Muon chambers 

– Solenoid (2T)  + Toroid (1.8T) 
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Universal Extra Dimensions 

• Universal ED  all fields in the extra dimensions 

• Periodic boundary conditions 

– Discrete KK modes 

 

 

• Minimal UED (MUED)  

– 1 extra dimension 

– First KK level  n = 1 

• Parameters: 

– Size of extra dimension R 

– Cutoff scale Λ 
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MUED: Production 

• Lightest KK particle 

– Stable  

– Dark matter candidate 

• Promising channel 

– 2-4 leptons + Jets + 

• KK modes nearly degenerate 

– If                      very low 

 Bellow detection threshold 

• Final state 
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Data and MC Events 

• 7.3 fb-1 of Data 

– April/2002  July/2010 

• Backgrounds 

– W+Jets, Z+Jets,  

– WW / WZ / ZZ 

–     . 

• MUED signal: 9 selected points 

– R-1 = 200, …, 320 GeV (steps of 15 GeV) 

– Λ = 10 TeV 
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Selection of Events 

• At least  

– 1 single muon trigger 

• At least  

– 2 muons of the same 

charge 

• Muon track in the muon 

system matched to the 

muon track in the central 

tracking system 

•   

•   

•   

•   

•   

•   

•   

•   
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Multijet Background 

•      and       Multijet background 

– Multijet background estimated from data 

• UED signal 

– W1W1 / W1Z1 / Z1Z1             + X 

No correlation between      and      directions 

No correlation between    and jet directions 

• Multijet background 

– Semileptonic meson decays 

Correlations between     and jet directions 
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muons 
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Estimation of Multijet 

Background 

• Define 2 samples depending on    isolation 

 

 

 

 

• Normalization factors from integrals Ii (i = NJets) 
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Ni xQ   Multijet background 

5 10 

pT of the most isolated muon                (GeV) 
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Electroweak Contamination 

• High pT region 

– Significant contribution from other SM processes 

– Mainly W + Jets 

W  isolated muon 

Jets  non-isolated muon 

• Subtract electroweak contribution 
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BDT: Multivariate Analysis 

• Increase sensitivity to the UED signal 

– Discriminate between signal and background 

• Several input variables: 

–   

–   

–   

–   

–   

–   

 

–   
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BDT Output 
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Extraction of Limits 

• Statistical studies  CLs 

– R-1    260 GeV  @  95% C.L. 

– The first direct limit on UED. 
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Conclusions 

• Search for signal of extra dimensions 

– All fields in the extra dimensions 

Compactified extra dimensions 

– Minimal UED model  1 extra dimension 

• DØ @ Tevatron: 

– 1.96 TeV and  L = 7.3 fb-1 

• No excess  The first direct limit on UED 

– Phys. Rev. Lett., 108, 131802 (2012) 

         R-1 ≤ 260 GeV  @ 95% C.L. 
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Backup 
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Definition of samples 

• Muon isolation variables 

 

  

 

• Defining samples 

– S sample  2 isolated muons 

                               + 

or                            + 

– Q sample  1 isolated and 1 non-isolated muon 

One muon fail one of the isolation criteria. 
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MUED: Mass Spectrum 
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* 

(*) All KK gluon and quark production modes included. 


