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The path to discovery and exclusion

What to look for, and where we are now:

Leptons and photons provide a distinct handle on new phenomena

From “Z-like”, to “t-like”, to “unlike anything else”

 

 

The entire ATLAS detector is required and ready

For triggering and reconstruction, require tracking, calorimetry, and 
muon identification

Cannot ignore jets and missing energy

Sensitivity to new phenomena is at hand.
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Resonances: γγ, "+"−, " + !ET , " + jet

Complex events: γγ + !ET , "+"− + !ET , " + !ET + jets,
"" + !ET + jets
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Collisions at 7 TeV

Studies looking forward to 14 TeV c.m. energy are valuable at 7 TeV

•  

•  

•  
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95% exclusions of Z ′ (m = 1.0 TeV) from 15 pb−1 to 70 pb−1

4th gen. quark (m = 400 GeV): σ(7)/σ(14) ≈ 0.15

W ′ (m = 1.0 TeV): σ(7)/σ(14) ≈ 0.2

http://projects.hepforge.org/mstwpdf/plots/plots.html
http://projects.hepforge.org/mstwpdf/plots/plots.html
https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResultsEcmDependence
https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResultsEcmDependence
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Lepton + jets + missing ET

Many models generically produce signatures with at least one 
high pT isolated lepton, with jets and missing energy

• Specifically considered R-conserving SUSY (mSUGRA, pMSSM) 
and universal extra dimensions (UED)
⇒ At least one new particle is stable and escapes detection

• Significant excess of events in many channels with few 100 pb-1

4

Number of jets ≥ 2 jets ≥ 3 jets ≥ 4 jets
Leading jet PT (GeV) > 180 > 100 > 100
Jets PT (GeV) > 50 (Jet 2) > 40 (Jet 2-3) > 40 (Jet 2-4)
∆φ( jeti,Emiss

T ) [> 0.2,> 0.2] [> 0.2,> 0.2,> 0.2] [> 0.2,> 0.2,> 0.2]
Emiss

T > f ×Me f f f = 0.3 f = 0.25 f = 0.2

Table 3: Cuts on the PT of the leading jet, the PT of the other jets, the azimuthal angle between the leading
two or three jets and the missing transverse energy vector and the cut on the missing transverse energy
expressed as a fraction of the effective mass, as a function of the minimum number of jets required.

Zero-lepton channels In addition to the electron crack veto, the pre-selection cuts are :

1. Reject events with at least one lepton having PT > 20 GeV.

2. Cut on the number of jets and jet transverse momemta as defined in Table 3.

3. Missing transverse energy Emiss
T > 80 GeV.

4. Cut on ratio f between Emiss
T and Me f f as defined in Table 3.

5. Cut on ∆φ( jeti,Emiss
T ) as defined in Table 3.

6. Transverse sphericity, ST > 0.2.
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Figure 2: Number of events expected for 200 pb−1 in 0-lepton channels and multi-leptons channels after
preselection for the main background processes and the SUSY signal SU4.

8

200 pb-1 @ 10 TeV
→  1 fb-1 @ 7 TeV

(1) (2) (3) (1) (2) (3)

(1)  1 lepton, 2 jets

(1)  2 leptons, 2 jets

(2)  1 lepton, 3 jets

(3)  1 lepton, 4 jets

(2)  2 leptons, 3 jets

(3)  2 leptons, 4 jets
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Figure 1: Pair production of T5/3 and B to same-sign dilepton final states.

(section 4). Sections 5 and 6 present our main analysis: first, we show the optimal cuts and
characterize the best observables for discovering the heavy T5/3 and B without making any
sophisticated reconstruction; then, we reconstruct the W and t candidates and pair them to
reconstruct the T5/3 invariant mass. We conclude with a critical discussion of our results.

2 A simple model for the top partners

Although the main results of our analysis will be largely independent of the specific real-
ization of the new sector, we will adopt as a working example the “two-site” description of
Ref. [23], which reproduces the low-energy regime of the 5D models of [13, 14] (see also [24]
for an alternative 4D construction). Its two building blocks are the weakly-coupled sec-
tor of the elementary fields qL = (tL, bL) and tR, and a composite sector comprising two
heavy multiplets (2, 2)2/3, (1, 1)2/3 plus the Higgs (the case with partners of the tR in a
[(1, 3) ⊕ (3, 1)]2/3 can be similarly worked out):

Q = (2, 2)2/3 =

[

T T5/3

B T2/3

]

, T̃ = (1, 1)2/3 , H = (2, 2)0 =

[

φ†
0 φ+

−φ− φ0

]

. (1)

The two sectors are linearly coupled through mass mixing terms, resulting in SM and heavy
mass eigenstates that are admixtures of elementary and composite modes. The Higgs dou-
blet couples only to the composite fermions, and its Yukawa interactions to the SM and
heavy eigenstates arise only via their composite component. The Lagrangian in the elemen-
tary/composite basis is (we omit the Higgs potential and kinetic terms and we assume, for
simplicity, the same Yukawa coupling for both left and right composite chiralities):

L =q̄L $∂ qL + t̄R $∂ tR

+ Tr
{

Q̄ ( $∂ − MQ)Q
}

+ ¯̃T ( $∂ − MT̃ ) T̃ + Y∗ Tr{Q̄H} T̃ + h.c

+ ∆L q̄L (T, B) + ∆R t̄RT̃ + h.c.

(2)

3

Moderately high pT leptons from 
intermediate W bosons:

• SM backgrounds are rare

•            could be > 0.1 pb–1

• Challenge: tt and charge mis-ID 
background
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1 Introduction

Supersymmetry is one of the prime theories [1] for physics beyond the Standard Model (SM). It predicts

a super partner for every known elementary particle in the SM. The super partners are commonly known

as sparticles and differ by a half unit of spin from their SM partners. A new discrete symmetry called

R-parity is defined as Rp = (−1)2s+3B+L, where s is the spin, B is the baryon number and L is the

lepton number of the particle. Under Rp, all the SM particles carry even parity while their super partners

carry odd parity due to the (−1)2s factor. In our study, we have considered an Rp conserving scenario
in which the lightest supersymmetric particle (LSP) is stable. Here, the LSP is a neutral particle which

is produced at the end of the cascade decays of other massive supersymmetric particles and escapes

detection, causing large missing transverse energy in the event. Thus a requirement of large missing

transverse energy in the event along with other final state particles such as leptons and jets has potential

to discover Rp conserving supersymmetry at the LHC.

The primary production of sparticles comes from cascade decays of pair-produced squarks (q̃) and

gluinos (g̃). In minimal supergravity (mSUGRA) the gluinos and squarks will eventually decay into final

state leptons, jets and the LSP (!̃01 ) via other sparticles such as sleptons (l̃), charginos (!̃
±
1 ,!̃

±
2 ), and

heavier neutralinos (!̃02,3,4).

The production of two leptons with same charge (“hereafter, called same-sign leptons”) at the LHC

can be enhanced by events where two gluinos are produced and both subsequently decay to same-sign

charginos which decay leptonically. An example of such a gluino decay is given in Figure 1. Searches

g

u

d

!1
-

q
!1
0

W
- l

-

"l

Figure 1: The decay of one of the gluinos in a g̃g̃ pair production.

for supersymmetry in the same-sign dilepton channel have been performed at Tevatron; details on the

limits obtained in these searches can be found in Ref. [2, 3]. It has been shown that same-sign dilepton

production can be an important discovery channel for supersymmetry at the LHC as well [4–6]; this note

evaluates the performance of this channel with the ATLAS detector and introduces a data-driven proce-

dure to estimate the SM backgrounds in such a search. One important feature of the method presented

here is that it performs well for a broad range of points in the SUSY parameter space. To demonstrate

this, we present results based on several SUSY points with strongly differing kinematic properties.

2 Standard Model processes

The present analysis looks for a pair of high pT same-sign leptons (l
±l±; l = e,µ), accompanied by at

least two jets and missing transverse energy in the final state. The possible SM processes that can mimic

these final states are the production of top-quark pair (tt̄),W , Z,Wbb,WZ,WW , ZZ,W # , Z# , bb̄ along

with light-quark jets and missing energy. All these processes are modeled using a full (GEANT4) MC

simulation of ATLAS detector.

The dominant background in this analysis is tt̄ production. Here, one lepton originates from aW

decay, whereas the other originates from a semi-leptonic b decay. tt̄ production implies high jet multi-

2

same sign

Gluino-pair production with 
same decay chains

d-type fermion-pair production:

QQ̄→ (tW∓)(t̄W±)

two per event

High !ET Many energetic jets

Same-sign dilepton + jets + missing ET

B × σ
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Status: material in the inner detector

Understanding the amount of material in the inner detector is 
crucial for reconstructing electron tracks and estimating 
properties of conversions.

• Estimates from material interactions agree well with expectations.

• “Charge mis-ID” for electrons mostly from highly asymmetric 
conversions

6

Process of Charge MisID 

- Trident

“kink”

 (soft)

“sibling” 

(soft)

“reco”

(hard)

3Thursday, July 23, 2009

“trident”
soft

hard

A Closer Look at the Pixel Supports

Pixel support tube
Pixel global supports

Pixel support tube shifted ∼ 1 cm outwards in the simulation
Pixel global supports shifted ∼ 1 cm inwards in the simulation
Overall amount of material rather well described

Very high purity conversion sample
Good spatial resolution, ∼ 4 mm in R

Kerstin Tackmann (CERN) ATLAS Inner Detector Material Studies 7 / 15

Material understood by photon conversions
and KS decays

See K. Tackmann’s talk from Monday
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Dilepton + jets

Models predict lepton+jet resonances:
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Figure 1: Feynman diagrams for leptoquark production.

1.2 Left-Right Symmetry

Left-Right Symmetric Models (LRSMs) of the weak interaction address two important topics: the
nonzero masses of the three known left-handed neutrinos [11] and baryogenesis. LRSMs conserve parity
at high energies by introducing three new heavy right-handed Majorana neutrinos Ne, Nµ and Nτ . The
smallest gauge group that implements an LRSM is SU(2)L× SU(2)R×U(1)B−L. At low energies, the
left-right symmetry is broken and parity is violated. The Majorana nature of the new heavy neutrinos
explains the masses of the three left-handed neutrinos through the see-saw mechanism [12]. The lepton
number L could be violated in processes that involve the Majorana neutrinos. This opens a window to the
very attractive theoretical scenario for baryogenesis via leptogenesis, where baryon and lepton numbers
B and L are violated but B−L is conserved.

In addition to the Majorana neutrinos, most general LRSMs also introduce the new intermediate
vector bosons WR and Z′, Higgs bosons, and a left-right mixing parameter. The most restrictive lower
limit on the mass of the WR boson comes from the KL −KS mass difference which requires mWR >
1.6 TeV. This lower limit is subject to large corrections from higher-order QCD effects. Heavy right-
handed Majorana neutrinos with masses of about a few hundred GeV would be consistent with the data
from supernova SN1987A. Such heavy neutrinos would allow for a WR boson at the TeV mass scale.
This scenario would also be consistent with LEP data on the invisible width of the Z boson. Present
experimental data on neutral currents imply a lower limit on the mass of a Z′ boson of approximately
400 GeV. Recent direct searches [13] for the WR boson at DØ give a lower mass limit of 739 GeV and
768 GeV, assuming the WR boson could decay to both lepton pairs and quark pairs, or only to quark pairs,
respectively. However, heavy Majorana neutrinos decaying to a lepton and a pair of quarks (detected as
jets) were not searched for in those analyses.

The new intermediate vector bosons WR and Z′ would be produced at the LHC via the Drell-Yan
(DY) process like Standard Model W and Z bosons. Their decays would be a source of new Majorana
neutrinos. The Feynman diagram for WR boson production and its subsequent decay to a Majorana
neutrino is shown in Fig. 2. This note describes an analysis of WR boson production and its decays
WR → eNe and WR → µNµ , followed by the decays Ne → eq′q̄ and Nµ → µq′q̄, which can be detected in
final states with (at least) two leptons and two jets.

2
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Figure 2: Feynman diagram for WR boson production and its decay to a Majorana neutrino N!.

mLQ in GeV σ(pp→ LQ ¯LQ) (NLO) in pb
300 10.1 ± 1.5
400 2.24 ± 0.38
600 0.225 ± 0.048
800 0.0378 ± 0.0105

Table 1: NLO cross-sections for scalar leptoquark pair production at the LHC [16].

2 Simulation of Physics Processes

2.1 Leptoquarks

The signals have been studied using samples of first generation (1st gen.) and second generation (2nd gen.)
scalar leptoquarks simulated with the Monte Carlo (MC) generator PYTHIA [14] and using the CTEQ6L1
parameterization [15] of the parton density functions (PDFs). A leptoquark-lepton-quark coupling λ =
0.8 was used in the event generation leading to a natural width of the leptoquarks of 0.63 GeV and
1.3 GeV for leptoquark masses of 400 GeV and 800 GeV respectively. The next to leading order
(NLO) cross-sections for leptoquark pair production at 14 TeV pp centre-of-mass energy were taken
from Ref. [16] and are shown in Table 1 for the four simulated leptoquark masses.

2.2 Left-Right Symmetry

Studies of the discovery potential for WR bosons and the Majorana neutrinos, Ne and Nµ produced in their
decays, were performed using datasets simulated with the MC generator PYTHIA according to a particu-
lar implementation [17] of an LRSM described in [18]. The Standard Model axial and vector couplings,
the CKM matrix for the quark sector, no mixing between the new and Standard Model intermediate vector
bosons, and phase space isotropic decays of Majorana neutrinos are assumed for the right-handed sec-
tor in this model. The products of leading-order production cross-sections σ(pp→WRX) and branching
fractions to studied final states WR→ !N!→ !! j j are 24.8 pb for mWR = 1800 GeV,mNe = mNµ = 300 GeV
and 47.0 pb for mWR = 1500 GeV,mNe = mNµ = 500 GeV. In the rest of this note, these samples are re-
ferred to as LRSM 18 3 and LRSM 15 5, respectively. The Majorana nature of the new heavy neutrinos
allows for same-sign and opposite-sign dileptons.

3
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Figure 5: Reconstructed electron-jet invariant mass in the 1st generation leptoquark (mLQ=400 GeV) analysis
for signal and background MC events after baseline selection (left) and after all selection criteria (right). All
distributions are given for 100 pb−1 of integrated luminosity.
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Figure 6: Reconstructed muon-jet invariant mass for 2nd generation leptoquarks (mLQ = 400 GeV) in signal and
background MC events after baseline selection (left) and after all selection criteria (right). All distributions are
given for 100 pb−1 of integrated luminosity.

5.2 Search for New Particles from Left-Right Symmetric Models

Signal event candidates are required to contain (at least) two electron or muon candidates and two or
more jets that pass the baseline selection criteria. As previously described, the minimum separation
between a jet and an electron candidate ∆R≥ 0.1 is required. The two leading pT lepton candidates and
the two leading pT jets are assumed to be the decay products of the WR boson. The signal jet candidates
are combined with each signal lepton, and the combination that gives the smallest invariant mass is
considered as the heavy neutrino (N! in Fig. 2). This assignment is correct in more than 99% of signal
MC events. The other lepton is assumed to come directly from the decay of the WR boson.

When the WR boson is at least twice as heavy as the Majorana neutrino, the daughter lepton from the
neutrino’s decay often begins to partially merge with one of the daughter jets. In the dielectron analysis,
when the separation between this lepton and a signal jet candidate is in the range 0.1≤ ∆R≤ 0.4, using
all three reconstructed objects to estimate the invariant mass of the neutrino would often result in double-
counting. To solve this problem, signal event candidates in the dielectron analysis are divided into two
groups. When the separation is outside the discussed range, i.e. ∆R > 0.4, all three objects are used.
However, when the separation is in the critical range, i.e. 0.1≤ ∆R≤ 0.4, only jets are used to estimate
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given for 100 pb−1 of integrated luminosity.

5.2 Search for New Particles from Left-Right Symmetric Models

Signal event candidates are required to contain (at least) two electron or muon candidates and two or
more jets that pass the baseline selection criteria. As previously described, the minimum separation
between a jet and an electron candidate ∆R≥ 0.1 is required. The two leading pT lepton candidates and
the two leading pT jets are assumed to be the decay products of the WR boson. The signal jet candidates
are combined with each signal lepton, and the combination that gives the smallest invariant mass is
considered as the heavy neutrino (N! in Fig. 2). This assignment is correct in more than 99% of signal
MC events. The other lepton is assumed to come directly from the decay of the WR boson.

When the WR boson is at least twice as heavy as the Majorana neutrino, the daughter lepton from the
neutrino’s decay often begins to partially merge with one of the daughter jets. In the dielectron analysis,
when the separation between this lepton and a signal jet candidate is in the range 0.1≤ ∆R≤ 0.4, using
all three reconstructed objects to estimate the invariant mass of the neutrino would often result in double-
counting. To solve this problem, signal event candidates in the dielectron analysis are divided into two
groups. When the separation is outside the discussed range, i.e. ∆R > 0.4, all three objects are used.
However, when the separation is in the critical range, i.e. 0.1≤ ∆R≤ 0.4, only jets are used to estimate
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100 pb–1 @ 14 TeV c.m. energy
electron channel muon channel

Scalar leptoquarks Left-right symmetric model

σ ≈ 1 pb−1 at 7 TeV
for mLQ ≈ 350 GeV
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Diphoton

Search for diphoton resonances as well as diphoton events 
with missing energy:

• Models with extra dimensions predict graviton decays

• Universal extra dimensions, with gravity mediation, or gravity-
mediated SUSY, where graviton/gravitino does not decay

• Backgrounds: direct diphoton production, fake photons
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G→ γγ

γ∗γ∗ → (γG)(γG)

χ̃0
2

l̃ χ̃0
1

g̃, q̃

l

l

jet

γ

G̃

1

Figure 1: Typical SUSY decay chain for a neutralino NLSP decaying to a photon and a gravitino.

primary interaction vertex (“prompt photons”). The corresponding event signatures and the discovery
potential for these models are discussed in this section. The case of large Cgrav and therefore long lived
neutralinos, resulting in non-pointing photons, is discussed in Section 3.3. For detailed reconstruction
and trigger studies we consider the GMSB1 model point as a typical example (see Table 1). For this
point the branching ratio of the decay of the lightest neutralino to a photon and a gravitino is∼ 97%, and
the total SUSY production cross-section is ∼ 7.8pb.
In the following we discuss the optimisation of the signal selection, including the trigger selection,

the expected background from Standard Model processes and a detailed study of the discovery potential
with early data. Since for the latter a fast simulation approach is used, a comparison of fast and full
simulation results is also presented.

3.1 GMSB1 full simulation studies

3.1.1 Signal trigger strategy

The signal events studied here possess the standard SUSY event properties at the LHC: large EmissT and
multiple jets with high pT . These can be used for triggering the events. In addition, the feature of two
high energy photons gives an additional way to trigger on these events independently of EmissT and jet
triggers. In the following we consider two different trigger menus:

• The first menu is the ATLAS initial menu foreseen for data-taking at a luminosity of 1031 cm−2s−1
[42]. This menu includes various combinations of jet (J) and EmissT triggers (XE) and photon
triggers (EM) as shown in Table 4. No prescale values are foreseen for these triggers, whereas
the selection of the EM100 trigger is based entirely on the Level-1 (L1) trigger, with no selections
envisaged at the Level-2 (L2) trigger or in the event filter. In the following, the trigger efficiency is
defined as the ratio of the number of events without any preselection passing a trigger item divided
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Figure 2: The g55 event filter trigger efficiency (see text) for the GMSB1 sample as a function of the
reconstructed pT of the leading photon.
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In addition, the signal significance defined as Sig= S/
√
B is given in the table. In the calculation of Sig

it is assumed, that there is at least one background event left. With the requirement of two high-energy
photons the selection is mainly free from Standard Model background and the significance becomes very
large.
In addition to the selection criteria listed above, checks were made to see weather a better signal

significance can be achieved by requiring an opposite sign same flavour (OSSF) lepton pair, which orig-
inates in the squark/gluino decay cascade from a !̃02 to !̃01 decay via a slepton, as depicted in Figure 1.
Here, only electrons and muons are accepted as leptons. The requirement of at least one OSSF lepton
pair reduces the number of selected signal and background events. The suppression factor for the signal
for the combination of one photon and one OSSF pair is larger than for the combination of two photons.
Hence, although the background is reduced to a very low level, just using the requirement of two photons
gives the largest significance. Requiring an OSSF pair in addition to two photons just reduces the signal,
because the background is already very low.
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Figure 4: Distributions after preselection for 1fb−1: Number of reconstructed photons with pT > 20 GeV
and |" | < 2.5 (left) and transverse momentum of the leading photon for signal and Standard Model
background. (right)

3.2 GMSB parameter scan with fast simulation

To investigate the discovery potential of the selection described above, over a wider range of the GMSB
parameter space, it is necessary to make use of a fast detector simulation to obtain adequate statistics
for signal event reconstruction at various points in the parameter space. The computing requirements of
the full simulation make it impractical for this study, so for this part of the analysis the fast simulation
package ATLFAST [44] has been used instead. ATLFAST performs no detailed simulation of particle
interactions with the detector material, but instead parameterizes the detector response. It has two main
features relevant to the analysis discussed here:

• every generated particle is reconstructed.

• there is no distinction between electromagnetic and hadronic calorimeter compartments and the
energy of a particle is obtained by smearing the energy of the generated particle with a resolution
function. No shower development is simulated.

Note that ATLFAST does not simulate either reconstruction inefficiencies nor particle misidentification
for any particles.
Figure 5(a) shows the Meff distributions of the GMSB1 event sample for full and fast simulation. In

the low energy region a small deviation of the fast simulation with respect to the full simulation can be
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1 fb–1 @ 14 TeV c.m. energy; 

pγ
T > 20 GeV
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Dilepton resonance

Many models predict neutral resonances:

• At 7 TeV, roughly 1 fb-1 needed for 5σ observation of Z′ at m = 1.5 TeV

• Mass resolution expected to be 1% (10%) for electron (muon) channel

9

mZ′ , ΓZ′ , Apeak and Ainterf. The differential cross-section is then multiplied by the appropriate K-factor
(see section 4.2). The detector performance is accounted for as follows: the differential cross-section
is multiplied by the efficiency computed above and convoluted by the invariant mass resolution (see
section 2.1). The agreement between this parameterization and the full simulation is shown in Fig. 8
(left) for a Z′χ at 1 TeV.
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Figure 8: Left: mass spectrum for a m = 1 TeV Z′χ → e+e− obtained with ATLAS full simulation (histogram)
and the parameterization (solid line). The dashed line corresponds to the parameterization of the Drell-Yan process
(irreducible background). Right: Log-likelihood ratio densities with 1 fb−1 for a m = 2 TeV Z′χ for the signal and
background hypotheses. The vertical line is the median experiment in the H1 hypothesis.

Results Using the parameterization presented above to generate mass spectra for signal (γ/Z/Z′ →
e+e−) and background (γ/Z → e+e−), one can compute the distributions of the log-likelihood ratio of
the signal (H1) and background (H0) hypotheses.
Figure 8 (right) shows the LLR distributions obtained for a 2 TeV Z′χ with 1 fb−1 as well as the median
signal experiment used to calculate CLs. The FFT method [45] was used in the computation of the LLR
distributions. It is important to note that the mass window used to perform the analysis does not affect
the result.

Figure 9 (left) shows the integrated luminosity needed for a 5σ discovery of the usual benchmark
Z′ models as a function of the Z′ mass. Only statistical uncertainties were taken into account. The
systematic uncertainties are discussed in the next paragraph. A fixed mass window of [500 GeV−4 TeV]
was used to compute the significance. Roughly speaking, less than 100 pb−1 are needed to discover a
1 TeV Z′, about 1 fb−1 are needed to discover a 2 TeV Z′, and about 10 fb−1 are needed to discover a
3 TeV Z′.

Systematic Uncertainties The sources of systematic uncertainties were listed in section 4. Since the
main background is the Drell-Yan process, the systematic uncertainties from both the efficiencies and
the theoretical predictions on the cross-section will affect the number of signal and background events
in the same way, and can be added in quadrature. The uncertainties in the event selection efficiency
mainly come from the electron identification and the geometrical acceptance. The former amounts to
2×±1% = ±2% for two electrons. Taking the extreme efficiencies for pure uū and dd̄ events as a
conservative estimate, the latter goes from±3 to±0.5%. Overall, this represents a systematic uncertainty
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electron channel

loss of resolution due to misalignment will deteriorate our ability to determine the charge of the muon.
This was also studied as a function of the misalignment and is summarized in Table 7.
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Figure 6: Left: reconstructed invariant mass distribution of Drell-Yan events for different misalignment
hypotheses. The numbers corresponds to an integrated luminosity of 100 pb−1. Right: reconstructed
invariant mass of the Z′χ model for the seven misalignment scenarios.

Misalignment (µm) Ideal 40 100 200 300 500 700 1000
Relative efficiency 0.984 0.984 0.984 0.98 0.973 0.948 0.918 0.877

Table 7: Loss in signal efficiency due to the charge misidentification for seven misalignment hypotheses.

4.4 Other Systematic Uncertainties

Additional experimental systematic uncertainties must be taken into account, listed as follows:

• the uncertainty in the efficiency of object identification was assumed to be 5% for muons, 1% for
electrons, and 5% for τ leptons;

• the uncertainty in the energy scale was assumed to be 1% for muons, 1% for electrons, and 5% for
τ leptons;

• the uncertainty in the resolution of the objects is as follows: σ( 1
pT

) = 0.011
pT

⊕0.00017 for muons,
20 % for electrons, and 45% for τ leptons.

• the uncertainty in the luminosity was assumed to be 20% with an integrated luminosity of 100 pb−1

of data and 3% for 10 fb−1.

The effect of all the above on the discovery potential is discussed in the next section for individual
channels.
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muon signal: effect of misalignment shown

Z ′, G, ρT → "+"−
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Status: electron identification

Electron identification is 
reasonably well understood 
with available statistics; 
awaiting data to estimate 
high-pT fake rates 
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Status: Muon momentum resolution

Resolution in the muon spectrometer near design for
100 GeV muons (from cosmic-ray data)

• Goal: 10% momentum resolution for muon pT = 1 TeV

• Ready to finish calibrations as luminosity increases
(need a dedicated, B-field off run)
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Momentum Resolution.

Muon Spectrometer Resolution (stand-alone)

cosmic tracks splitted into top and bottom
parts (σ = σtb/

√
2)

small sectors have better resolution
(bending power factor two larger)

contributions at low pt:
! energy loss in the Calorimeter
! multiple scattering inside the Muon

Spectrometer

contributions at high pt (intrinsic
resolution):

! drift tube resolution
! misalignment
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Muon Spectrometer Resolution (stand-alone)
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2)

small sectors have better resolution
(bending power factor two larger)

contributions at low pt:
! energy loss in the Calorimeter
! multiple scattering inside the Muon
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contributions at high pt (intrinsic
resolution):

! drift tube resolution
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Lepton + missing energy

Many models predict a charged vector boson:

• At 7 TeV, roughly 1 fb-1 needed for 5σ observation of W′ at m = 2 TeV

• High-energy version of current W observation exercise
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Figure 24: Integrated luminosity needed to have a 5σ discovery as a function of the mass of the
W ′ bosons; triangles correspond to the eν search, squares to µν , circles to the combined search.
Filled markers include the effect of systematic uncertainties.
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Figure 25: Monte Carlo pseudo-experiment for 10 pb−1. Left: electron channel; right: muon
channel.
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Figure 26: Monte Carlo pseudo-experiment for 100 pb−1. Left: electron channel; right: muon
channel.
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Pseudo-experiments at 10 pb–1 @ 14 TeV c.m. energy

electron channel muon channel

mT =
√

2pT !ET (1− cos ∆φ)

W ′ → !ν̄
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Outlook

The 2010/2011 ATLAS physics run will yield new opportunities for 
discovery:

• 2010 (100 pb-1, 7 TeV) — begin to probe strongly interacting 
particles with m ≈ 300–400 GeV

• SUSY, UED, Leptoquarks, MCHM, 4th gen. quarks

• Lepton and Dilepton (opp. or same sign) with jets or missing ET

• Interesting sensitivity in diphoton and lepton+missing energy

• 2011 (1 fb-1, 7 TeV) — surpass Tevatron sensitivity on many 
fronts

• Resonances with TeV-scale masses become visible

• Generic SUSY models yield unexplainable excesses

• SM 4th generation of quarks are discovered or excluded
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