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Search strategySearch strategy
Search for neutral (ll) and charged (lν) resonances (l=e,μ)

Analyse full 2010 data set
ll: reprocessed data: ~40/pb
lν: non-reprocessed data: ~36/pb

Main observable:
ll: invariant mass mll

lν: transverse mass mT

Main challenge: reconstruct and identify very high pT leptons
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Electron Electron recoreco  and IDand ID
ReconstructionReconstruction

•
 

sliding
 

window
 

clustering
 algorithm

•|η| < 2.4 (eν)
 

or 2.47 (ee)
 (exclude

 
1.37-1.52)

•
 

correct energy
 

or exclude
 clusters close to dead

 
readout

Energy resolution:            
σ(E)/E = 1.1% (barrel)

1.8% (endcaps)

IdentificationIdentification

• pT
 

> 25 GeV

•«medium»
 

identification

•Pixel hit in first
 

layer

• z0
 

< 5 mm, d0
 

< 1 mm
 

(eν)

•
 

isolation criterion:      
ΣET

 

(ΔR < 0.4) < 10 GeV (eν)
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MuonMuon  reconstructionreconstruction
MuonsMuons

•«combined»
 

reconstruction: ID track
 

+ MS track

•|η| < 1.05 (μν)
 

or 2.4 (μμ)

• pT
 

> 25 GeV

•ID: at
 

least
 

1 pixel hit and
 

6 SCT hits + TRT

•MS: at
 

least
 

2 hits in each
 

of
 

3 layers, >0 φ
 

hit,   
use only

 
well

 
aligned

 
chambers

• z0
 

< 1 (μμ) or 5 (μν) mm, d0
 

< 0.2 (μμ) or 1 (μν) mm

• isolation criterion: ΣpT
 

(ΔR < 0.3)/pT
 

(μ) < 0.05

Average momentum resolution: 20% at 1 TeV
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Event selectionEvent selection
lν

•Single lepton trigger(s)

•Primary
 

vertex with
 

>2 tracks

•Exactly
 

one
 

lepton

•ET
miss

 
> 25 GeV

•ET
miss

 
> 0.6 ET ((electronelectron))

Efficiency
 

for 1.5 TeV W’SSM :

53% (e53% (eνν)), 38% (38% (μνμν))

ll

•Single lepton trigger(s)

•Primary
 

vertex with
 

>2 tracks

•At
 

least
 

2 leptons

•Opposite charges (muons)(muons)

Efficiency
 

for 1 TeV Z’SSM
 

:

60% (60% (eeee)), 40% (40% (μμμμ))
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Lepton kinematics (Lepton kinematics (ll))

ee

μμ
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Lepton kinematics (Lepton kinematics (lν))

eν

μν
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QCD evaluationQCD evaluation

μμ: negligible

Data driven, 3-4 methods combined and extrapolated

to signal region (power law fit above Z region):

μν: MC + 1 similar data driven 
method

ee: eν: 
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llll  invariant massinvariant mass

Data well described by Standard Model

No excess at large mll
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llνν  transverse masstransverse mass

Data well described by Standard Model

No excess at large mT
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• Effective model
 

Z*, W*

Narrow
 

width: 3.4% of
 

M
Leptonic

 
BR: 8%

New gauge bosonsNew gauge bosons
« Standard »

Minimal gauge
 

coupling
«

 
Excited

 
»

Magnetic
 

gauge
 

coupling

Spin proj.  ±
 

1
Spin proj. 0

•SSM benchmark Z’, W’
• E6

 

motivated
 

Z’

Narrow
 

width: few% of
 

M
Leptonic

 
BR: 3-8%
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Contact InteractionsContact Interactions
Most general Lagrangian

 
= several parameters

⇒
 

choose a “benchmark”
 

model: Left-Left
 

Isoscalar
 

Model (LLIM)

η
 

= -1 constructive interference

η
 

= +1 destructive
 

interference

FI

 

= interference term
FC

 

= pure CI term
Λ

 
= energy scale 

(compositeness: bound constituents)

2→2 scattering cross section:

Drell
 

Yan Contact term
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μμμμ  invariant massinvariant mass
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Limits extractionLimits extraction

lν

•Normalize
 

background with
 σB

 
and

 
data sample

 
luminosity

•Count
 

events
 

above
 

mT
 thresholds

 
(MW’,W*

 

/2)

•Normalization
 

uncertainties
 dominate

 
(level)

•Use CLS
 

statistics

ll

•Normalize
 

background to 
data

 
in 70-110 GeV window

•Fit the
 

shape
 

of
 

mll

 

distrib. 
above

 
110 (150) GeV

•Only
 

mass
 

dependent
 uncertainties

 
(shape)*

•Use Bayesian
 

statistics

* Except Z/γ* cross section for Z’/Z*

Theory parameter = M (new boson) or 1/Λ2
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SystematicsSystematics

W’, 1.5 TeV

Z’, 1 TeV
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ZZ’’  σσBB  95% CL95% CL  limitslimits

These limits also 
valid for Z* 
above 750 GeV : 
similar efficiency
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Contact interaction limitsContact interaction limits
Constructive Destructive

ΛΛ--

 
data:       4.9 TeVdata:       4.9 TeV

ΛΛ−−

 
expected: 5.1 TeVexpected: 5.1 TeV

ΛΛ++

 
data:       4.5 TeVdata:       4.5 TeV

ΛΛ++

 
expected: 4.8 TeVexpected: 4.8 TeV
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WW’’SSMSSM
 
σσBB  95% CL95% CL  limitslimits
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W* W* σσBB  95% CL95% CL  limitslimits

W* efficiency wrt
 

W’:

•lower for μν,

•similar for eν



20LPCC BSM-meeting 2011

95% CL mass and 95% CL mass and ΛΛLLLL
 
limitslimits

ΛLL
-, ΛLL

+
 

- qqμμ
 

C.I. [TeV]

4.9, 4.54.9, 4.5

Mass of SSM
 

Z’, W’
 

[TeV]

eeee: 0.957: 0.957
μμμμ: 0.834 : 0.834 
llll:  1.048:  1.048

eeνν: 1.37 : 1.37 
μνμν: 1.29: 1.29
llνν: 1.49: 1.49

Mass of Z*, W* [TeV]

eeee: 1.058: 1.058
μμμμ: 0.946 : 0.946 
llll:   1.152:   1.152

eeνν: 1.26 : 1.26 
μνμν: 1.12: 1.12
llνν:  1.35:  1.35

Mass of E6
 

Z’
 

[TeV]

llll:   0.738 :   0.738 ––
 

0.9000.900
World’s best limits!!

First limits!
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Conclusion and outlookConclusion and outlook

With ~40/pb of data, ATLAS has set limits: 

• at the level of Tevatron: Z’, or above: W’

• first ones on new models: Z*, W*

• world’s best on qqμμ
 

contact interactions

Coming soon: increased luminosity, improved acceptance
 (calorimeter readout, MS alignment), more models

Stay tuned !



Many  thanks  to the  organizers!

References:
The ATLAS Collaboration, arXiv:1103.3864, submitted to PLB
The ATLAS Collaboration, arXiv:1103.6218 , submitted to PLB
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Extra slides
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TevatronTevatron  limitslimits

Mass of SSM gauge boson [TeV]

CDF ee: 0.963 (2.5/fb)

D0   ee: 1.023 (5.4/fb)

CDF μμ: 1.071 (5.3/fb)

CDF eν: 1.12 (5.3/fb)

D0   eν: 1.00 (1/fb)

ΛLL
-, ΛLL

+
 

of qqll
 

C.I. [TeV]

CDF ee: 5.9, 3.7 (450/pb)

D0   ee: 4.2, 3.3 (120/pb)

CDF μμ: 4.2, 2.9 (110/pb)
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EE66
 
limitslimits

Mass of E6
 

Z’
 

[TeV]

Combined (Combined (llll) ) limits:   limits:   

ψ N η I S χ

Observed 0.738 0.763 0.771 0.842 0.871 0.900

Expected 0.837 0.860 0.866 0.922 0.945 0.965
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Event countsEvent counts
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IsolationIsolation
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WW’’/W* comparison/W* comparison

eν

μν
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Angular distributionsAngular distributions
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Lepton kinematics (Lepton kinematics (llll))

eν

μν
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Highest Highest mmeeee
 
candidatecandidate

M12 = 617 GeV

pT1,2

 

=279, 276 GeV

η1,2

 

=1.22, 0.28

Φ1,2

 

=1.74, -1.40
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Highest Highest mm  μμμμ
 
candidatecandidate

M12 = 768 GeV

pT1,2

 

=186, 165 GeV

η1,2

 

=-2.39, 0.46

Φ1,2

 

=-1.54, 1.95
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Electron identificationElectron identification
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PreselectionPreselection  ((llνν))

eν

μν
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NNexpexp
 
interpolationinterpolation

Observed limit Observed limit
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dNdNexpexp
 
interpolationinterpolation

Observed limit Observed limit
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Cross section limit comparisonCross section limit comparison
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BackgroundsBackgrounds
lν

• W

• Z ((μνμν
 

onlyonly))

• ttbar

• diboson

ll

• Z/γ*

• QCD ((eeee
 

onlyonly))

•• ttbarttbar

•• WW, WZ, ZZ (WW, WZ, ZZ (dibosondiboson))

•• W+jets W+jets ((eeee
 

onlyonly))



39LPCC BSM-meeting 2011

Background simulationBackground 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 σ
 

at NNLO
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Discovery potentialDiscovery potential
Z’

1 fb‐1

ee
μμ

R

l

l

1 fb‐1

SSM W’
R

ν

l
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