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• High mass resonances predicted in SM extensions … 
 

– GUT -> New gauge bosons Z’, W’ 

– Extra dimensions -> Randall-Sundrum Graviton : G* 

– Technicolor -> Low Scale Technicolor : ρT/ωT 

– Benchmark models ->  Z’SSM & W’SSM 
 

 

 

• … imply ll or lν signatures 

analysed ~1 fb-1 

– Dileptonic final states 

– Lepton + MET final states 
 

 

 

 

 

 Main challenge : Reconstruct and identify very high pT leptons 

High mass resonances 
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Electrons reconstruction and identification 

• Reconstruction 
– Isolated energy deposit in EM calorimeter  

matched to an Inner Detector track 

– |η| < 2.47 

– exclusion of barrel-endcap transition region 
 

Energy resolution : 

σ(E)/E = 1.1% (barrel) 
  1.8% (endcap) 

 

• Identification criteria 
– Shower shape, leakage into the  

hadronic calorimeter, track quality 

– ET > 25 GeV 

– Hit in 1st pixel layer 

– Calorimeter isolation 

• Highest pT electron only  (ee) 
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Z’→ ee 
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Highest mass candidate (eν searches) 
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Muons reconstruction 

• Reconstruction 
– Combined track from Muon Spectrometer and Inner Detector 

– η coverage 

• Removed misaligned chambers 

• No barrel-endcap chamber overlapp 

• |η| < 2.0  (μν  only) 

 

Average momentum resolution 

20% @ 1 TeV 

 

• Selection criteria 
– Hit requirements in ID and MS 

– Criteria on impact parameter (d0, z0) w.r.t PV 

– Track isolation 

 

11/10/2011 

5 

µ channel 

Z’→ µµ 
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Highest mass candidate (µµ searches) 
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ll analysis strategy 

• Main observable : 

 

• Event selection 

– Single lepton trigger 

– Primary vertex with >2 tracks 

– At least 2 leptons 

– Opposite charge (only for muons) 
 

• Backgrounds taken from simulation 

– Z/γ* 

– W+jets 

– Diboson : WW, ZZ, WZ 

– tt 

• Data driven background 

– QCD 

– Cosmics (only for muons) -> negligible 
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ee channel 
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ll results 
• Normalise background to data in Z peak 

region 70-110 GeV 

– Cancels out mass independent systematics 

– Remaining systematics : 
 

 

  

 
 

• Discovery statistics (Bayesian) 
– 2D maximum likelihood fit 

for M(Z’) and N(Z’) 

– p-value :  54% (ee) 24% (µµ) 

• No significant excess 
– 95% CL limits on N(Z’) 

– Converted into 95% CL limits on σ.B(Z’) 
 

Z’ could be replaced by G* or ρT/ωT all along  the slide 
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ee channel 
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σB 95% CL limits - ee channel 

• Limits on Z’ like resonances 
– Z’SSM & E6 models Z’ 

– LSTC ρT/ωT 

– G* 
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G*→ µµ 

ρT/ωT → µµ Z’→ µµ 

σB 95% CL limits - µµ channel 

• Limits on Z’ like resonances 
– Z’SSM & E6 models Z’ 

– LSTC ρT/ωT 

– G* 
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G*→ ll Z’ ; ρT/ωT → ll 

σB 95% CL limits - Combined 
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• MZ’(SSM) > 1.83 TeV (1.82 TeV exp.) 

 

 

Tevatron (CDF µµ) : 1.071 TeV 

LEP indirect searches : 1.787 TeV 
 

• MρT/ωT > 470 GeV (442 GeV exp.) 

with m(ρT/ωT) – m(πT) = 100 GeV   (LSTC) 

 

 

 

 

 
 

 

 

 

 

• MG*(k/MPl = 0.1) > 1.63 TeV (1.61 TeV exp.) 

 

 
 

Tevatron : 1.058 TeV 
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• Main observable : 

 

• Event selection 

– Single lepton trigger 

– Primary vertex with >2 tracks 

– Exactly one lepton 

– Missing ET > 25 GeV 

– Missing ET > 0.6*ET (only for electrons) 
 

• Backgrounds taken from full simulation 

– Z/γ*,W 

– Diboson : WW, ZZ, WZ 

– tt 

• Data driven background 

– QCD 

l ν analysis strategy 
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µν channel 

µν channel 
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l ν results 
• Background normalized with σB to data 

luminosity 

– Systematics : 
 

 

  

 
 

 

• Discovery statistics (Bayesian) 
– Single bin counting likelihood fit 

• Counting events for mT >mTmin 

• mTmin chosen to maximise sensitivity 

 

• No significant excess 
– 95% CL limits on N(W’) 

– Converted into 95% CL limits on σ.B(W’) 
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W’→ eν 

W’→ µν 
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W’ σB 95% CL limits 

 

• MW’(SSM) > 2.15 TeV (2.23 TeV exp.) 

 

Tevatron (CDF eν) : 800 GeV 
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W’→ eν W’→ µ ν 

W’→ l ν 
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Conclusion 

• A search for heavy resonances has been performed in ATLAS 
– LHC results have now surpassed results from Tevatron and LEP 

– Still no significant excess beyond the Standard Model expectations 

– Cross section limits set and converted into mass limits 

 

MZ’(SSM) > 1.83 TeV  ; MG*(k/Mpl = 0.1) > 1.63 TeV ; MρT/ωT > 470 GeV  ; MW’(SSM) > 2.15 TeV 

 

 

• Data still being recorded 
– 4x times the analysed dataset on tape 

– ~5 fb-1 by this winter 

 

• Perspectives 
– More BSM models interpretation to be included/updated 

• Non resonant : contact interaction 

– Improvement of analyses 
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• Expected limit reach : Z’SSM, W’SSM 

– Last year results show accurate expectations (ATL-PHYS-PUB-2011-002) 

 

 

 

 

 

 

 

 

 

 

• Full 2011 dataset (~5 fb-1) :   
– Discovery ? 

– MZ’(SSM) > 2.3 TeV , MW’(SSM) > 2.6 TeV  ? 

 

 

 

Perspectives (‘d) 
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EPS MZ’ > 1.83 TeV 

2011 dataset 
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2011 dataset 
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Backup slides 
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Data - MC comparison (ll ) 

• Expected number of background events vs data count 
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Background evaluation - example (ee) 

• Backgrounds 

– Z/ γ*, dibosons, W+jets, tt from MC -> normalised to each others 

– QCD shape evaluated from data (3 methods) 

• Mee fit to data 

– 2 components :  QCD + MC bkg   (fit 70 <  Mee < 200 GeV) 

 QCD proportion   + normalisation to luminosity 70 < Mee < 110 GeV 
• Normalisation factor : ~0.99 

 

Methods 

1. Reverse id template 
– 2g20_loose trigger 

– electron selection reversing isEM id cuts 

• Loose !(∆EmaxS1 & wstot) 

– Extrapolated to high Mee 

• « dijet » function fit : 

2. Isolation fit 

3. QCD fake rates from inclusive jet samples 
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ll  analysis - 2D likelihood fit 

• Marginalized 2D posterior probability 
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ll  analysis - Technicolor vs Z’ 

• Acceptance x efficiency vs resonance mass 

 

 

 

 

 

 

• Kinematics 
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LSTC 2D limits 
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Highest mass candidate (ee searches) 
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Z’ σB 95% CL limits 

• MZ’(SSM) > 1.83 TeV (1.82 TeV exp.) 

 

 

 

Tevatron (CDF µµ) : 1.071 TeV 

LEP indirect searches : 1.787 TeV 
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G* σB 95% CL limits 

• MG*(k/MPl = 0.1) > 1.63 TeV (1.61 TeV exp.) 

 

 

 

Tevatron : 1.058 TeV 
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ρT/ωT σB 95% CL limits 

• MρT/ωT > 470 GeV (442 GeV exp.) 
with m(ρT/ωT) – m(πT) = 100 GeV 
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ρT/ωT → ee 

ρT/ωT → ll 
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Data - MC comparison (l ν ) 

• Expected number of signal and background events vs data count (Nobs) 
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Background simulation 

Generators and PDF sets: 

Z, W: Pythia with MRST2007 LO* 

WW, WZ, ZZ: Herwig with MRST2007 LO* 

ttbar: MC@NLO + Jimmy + Herwig with CTEQ6 

W+jets: Alpgen + Jimmy + Herwig with CTEQ6 

Cross sections and PDF sets: 

Z, W: NNLO (PHOZPR, FEWZ,MCFMs+HORACE) with MSTW08 

WW, WZ, ZZ: NLO 

ttbar: approximate NNLO (HATHOR) 

W+jets: NLO, rescaled to inclusive s at NNLO 

Slide from F. Ledroit 


