
Search for massive resonances in the 
dilepton mass spectrum in CMS 

Philippe Miné,  
LLR, Polytechnique 

1 15/10/09  Heidelberg Ph.  Miné             GDR Terascale 



Introduction : theory motivations, LHC status  
CMS apparatus performances  
Dielectron  event selection 
   backgrounds 
   mass spectrum 
   beyond Standard Model signal 
   discovery or exclusion  
Dimuon 
Diphoton 
W’ in electron neutrino 
Conclusions 

2 

Summary 

15/10/09  Heidelberg Ph.  Miné             GDR Terascale 



High mass dilepton neutral resonances predicted by:  

New gauge bosons, spin1: superstring, GUT, little Higgs, etc 
•  SSM  
•  Zψ, Zη, Zχ in E6 and SO(10) 
•  ZLRM, ZALRM in left-right models  
•  ZB-L , 2 parameters M and c  

Kaluza-Klein massive graviton, spin 2: Randall-Sundrum 
2 parameters M and c  
decays also into γγ or ZZ 

Tevatron limits: = 963 GeV for SSM, =848 for RS for c = 0.1  

Theory motivations 
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LHC commissioning December 2009  
Expected running in 2010    3 months 2 x 3.5 TeV,  
            5 months 2 x 5  TeV 

Peak luminosity  1032 cm-2 s-1  

Integrated luminosity  > 100 pb-1 seams reasonable in one year 

All simulations being recalculated for 10 TeV and 100 pb-1 

This presentation:    dielectron at 10 TeV and 100 pb-1 

       diphoton    …  
       dimuon at 14 TeV 
       W’ … in electron and neutrino BR ≈ 10 % 
               Altarelli et al. Z. Phys. C45 (1989) 109 
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LHC status 
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The detection of high energetic electrons relies  
on the 85848 lead tungstate crystals of the  
electromagnetic calorimeter In test beam (20 – 230 GeV)  

0.5 % ultimate resolution for 
unconverted photons 
Noise 40 MeV (barrel) 
Saturation of 1.7 TeV barrel,  
3 TeV endcap; recovered  
by surrounding crystals 

Charge and position measured 
by Si tracker and pixel  
3.8 T solenoid magnet 

Preshower in the endcaps 

CMS apparatus performances  
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10 September 2008:  
beam splash events 
2 x109 450 GeV protons  
onto collimators  

CMS apparatus performances  
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•  ECAL in magenta, HCAL in blue, tracker and muon hits in green 

CMS apparatus performances  

CMS apparatus is 
complete, with all 
subdetectors working,  
magnet 3.8 T 

running on cosmics  
more than 300 millions 
events in 2009 
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Energy matching of ECAL versus Tracker for cosmic muons 

CMS apparatus performances  
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Dedicated triggers for HEEP (high energetic electrons pairs) 
•  Relaxed single electron  
Et > 18 GeV , matching in Tracker, isolation in ECAL, HCAL, Tracker 
Z peak is visible 
•  High Et  
Et > 80 GeV , no Tracker matching, loose isolation 
Robust against alignment and calibration 
•  Very high Et  
Et > 200 GeV 
Very high efficiency for high mass 

Global efficiency including reconstruction, identification and isolation 
for  150 GeV < Et < 700 GeV  
89.4 ± 0.1 % for barrel      88.1 ± 0.1 % for endcap 

Dielectron : event selection 
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Data driven methods “tag and probe” for efficiency and background evaluation 

For 2 selected  electrons (LO calculated cross sections)   

and at high mass by selected DY events 

Dielectron : event selection 
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main background is tt,               normalisation by Z peak  
also measured by b tagging     CMS EXO-09-006   

Dielectron: backgrounds 
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Dielectron: mass spectrum 

Drell-Yan is irreducible background, measured by Tevatron < 1 TeV 
accurate measurement and calculation (LO, K=1.35 ) validates the procedure  
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Dielectron: BSM signal 

SSM Z’, 1 TeV, 30 GeV width               RS 1 TeV, c = 0.1, width 14 GeV 
Drell-Yan interference                            Drell-Yan (shaded) 
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Dielectron: discovery or exclusion 

Cousins et al. CMS NOTE 2005-002, Bartsch et al. CMS NOTE 2005-004 
Three lines, gray band: systematic uncertainties 
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Dielectron: discovery or exclusion 
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CMS EXO-09-009 
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Diphoton: Randall-Sundrum limit 
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CMS SBM-07-002 

Dimuon: Z’ and backgrounds (14 TeV) 
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Z’ to mumu 
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     Rescale 14 TeV curves by corresponding cross section
 ratios for Signal and Drell-Yan bkg ! 10 TeV curves 

CMS AN 2009/017 

Dimuon: Z’ and backgrounds (14 TeV) 
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Z’ comparison  
dielectron  
and dimuon 
at 14 TeV 

CMS physics TDR 

Dimuon: Z’ and backgrounds (14 TeV) 
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CMS physics TDR 

14 TeV 

Dimuon: Z’ and backgrounds (14 TeV) 
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W’ ! e ν  (1, 3, 5 TeV) transverse mass after selection  

CMS EXO-08-004  

Same electron 
triggers as Z’ 

W’: electron and missing Et (14 TeV) 
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W’ ! e ν  transverse mass before selection (trigger, 
energy ratio, angle, one electron, …) at 14 TeV 

W’: electron and missing Et (14 TeV) 
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•  Scale Sig&bkg MT distributions with xsec
 at 10/6 TeV 
– Repeat analysis as for 14 TeV 
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CMS AN 2009/008 

W’: electron and missing Et (14 TeV) 

15/10/09  Heidelberg Ph.  Miné             GDR Terascale 



Rastafari Diagram of difficulty 
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ET of objects 

# of objects Black holes 

SUSY 

Compositness       RS G 
               ⏎  

Leptoquarks         Z‘ 

From yesterday Rainer Stamen‘s talk 
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Conclusions 

For 100 pb-1     

 measurement of DY cross section and data driven techniques 
( 6% statistics, 7% systematics ) give 

10 TeV discovery limit of Z’ dielectron      1.37 TeV/c2 SSM,  1.02 Zψ 
                1.31 RS (c = 0.1),  1.06 (c = 0.05) 
 exclusion limits (resp)              1.59,  1.26 
                1.49,  1.21   

 exclusion limit of RS diphoton      1.35 (c = 0.1)                

CMS is ready, expectations are competitive with Tevatron               
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BACKUP 
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At high luminosity, radiation  
damages and recovery are 
monitored and corrected 

Laser pulses are injected  
during LHC “orbit gaps” 
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Traversing Pixel Detector 

•  ECAL in magenta, HCAL in blue, tracker and muon hits in green 
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Endcap and Barrel Muon Detectors 

•  ECAL in magenta, HCAL in blue, tracker and muon hits in green 
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A CSC-RPC-Tracker Muon 

•  RPC chambers in red, CSC strips in yellow, CSC wires in magenta 
•  Tracker and muon hits in green  
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14 TeV limit on Z’ in e+ e-   

CMS EXO-08-001  

32 15/10/09  Heidelberg Ph.  Miné             GDR Terascale 



W’ to e-nu 
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