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Introduction

The Standard Model: mission complete?
hierarchy problem? higher symmetries? compositeness? electroweak
symmetry breaking? ...

New Physics beyond the SM

extra dimensions: Randall-Sundrum model (RS G∗, bulk RS G∗)
new gauge bosons: E6 GUT (Z ′

ψ
, Z ′

χ), sequential model (Z ′, W ′)

compositeness: excited quarks and leptons (q∗, ℓ∗)
dynamic EWSB: technicolor (ρT, ... )
...

Presented in this talk:

signature models L @ 8 TeV publication

ℓ+ℓ− Z ′,G∗ 20fb−1 ATLAS-CONF-2013-017
jj q∗ 13fb−1 ATLAS-CONF-2012-148
ℓℓ̄γ ℓ∗ 13fb−1 ATLAS-CONF-2012-146
ℓνℓℓ W ′,ρT 13fb−1 ATLAS-CONF-2013-015
ℓℓjj G∗

bulk 7.2fb−1 ATLAS-CONF-2012-150

In other talks:

topic speaker

Searches for monojets and monophotons Jalal Abdallah (IFAE Barcelona (ES))
Searches for long-lived particles and lepton-jets Daniela Salvatore (Universita della Calabria (IT))
Searches for fourth generation vector-like quarks and ttbar resonances Snezana Nektarijevic (Universite de Geneve (CH))
Combining searches of Z ′ and W ′ bosons Manuel Perez-Victoria (University of Granada)

Resonance Searches L. Liu, Univ. Michigan 2/16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-148/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-146/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-015/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-150/


dilepton [1]

Benchmark models: Z ′, G∗

Clean signature: ee or µ+µ−

Backgrounds:
MC estimation: Z/γ∗, tt̄, diboson
data-driven estimation: multijet, W+jets

The pair with the highest pT scalar sum is
selected; Sum of backgrounds is normalized to
data in 80-110 GeV region
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dilepton

95% C.L. limits on signal σB
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95% C.L. mass limits with 20 fb−1 @ 8 TeV [1]

model Z ′
SSM Z ′

ψ Z ′
N Z ′

η Z ′
I Z ′

S Z ′
χ G∗ (k/M̄Pl =0.1)

Observed mass limit [TeV] 2.86 2.38 2.39 2.44 2.42 2.47 2.54 2.47
Expected mass limit [TeV] 2.85 2.37 2.38 2.43 2.40 2.46 2.53 2.47

95% C.L. mass limits with 5 fb−1 @ 7 TeV [2]

model Z ′
SSM Z ′

ψ Z ′
N Z ′

η Z ′
I Z ′

S Z ′
χ G∗ (k/M̄Pl =0.1)

Observed mass limit [TeV] 2.22 1.79 1.79 1.87 1.86 1.91 1.97 2.16
Expected mass limit [TeV] 2.25 1.87 1.87 1.92 1.91 1.95 2.00 2.17
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dijet [3]

Benchmark model: excited quark q∗

Selection:
triggered by an OR of two high-energy single jet triggers (350/360 GeV)
two highest-pT jets with |y1,2| <2.8, |y1 − y2|/2 <0.6, mjj > 1 TeV

Candidate event:

p
j1
T

=2.29 TeV, p
j2
T

=2.19 TeV, mjj =4.69 TeV
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dijet

Backgrounds: data-driven estimation by fitting the observed mjj spectrum
with a smooth function; the analysis is only searching for a localized
resonant structure
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dijet

95% C.L. limits on σ ×A for q∗ and Gaussian resonance
Gaussian resonances: model-independent Gaussian-shaped hypothetical
resonances; easy to compare with other theoretical predictions
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95% C.L. mass limits on q∗

model q∗

L@
√
s 13 fb−1 @ 8 TeV [3] 4.8 fb−1 @ 7 TeV [4]

Observed mass limit [TeV] 3.84 2.83
Expected mass limit [TeV] 3.70 2.94
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ℓℓ̄γ [5]

Benchmark model: excited lepton ℓ∗ (qq̄ → ℓ∗ℓ̄ → ℓγℓ̄)

Signature: two same-flavor leptons (ee or µ+µ−) + a photon

Backgrounds: Z + γ, Z+jets, diboson, tt̄

Z+jets is scaled to fit the 70< mℓℓ <110 GeV region; Z + γ and Z+jets
extrapolated into high mass region using fitting

When more than one pair of leptons, the one with largest invariant-mass is
selected
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ℓℓ̄γ

95% C.L. limits on σ × B(ℓ∗ → ℓγ)
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WZ → ℓνℓℓ [6]

Benchmark model: W ′, ρT

Selection: exactly three leptons to
reconstruct a pair of W (ℓ±ν) and Z (ℓ+ℓ−)

Backgrounds: WZ , ZZ , Z+jets, tt̄, Zγ

data-driven estimation for Z+jets and tt̄

W mass constraint for solving the pνz

∆y(W ,Z ) <1.8, ∆φ(W ,Z ) >2.6

Fitting for extrapolation into high mass
region

eνµµ candidate event, mWZ =1050 GeV
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WZ → ℓνℓℓ

95% C.L. limits on σ × B(W ′ → WZ ) and exclusion limits on (πT, ρT)
mass plane
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95% C.L. mass limits with 13 fb−1 @ 8 TeV [6]

model W ′ ρT (mρT = mπT +mW , maT = 1.1×mρT , sinχ = 1/3)

Observed mass limit [TeV] 1.18 0.92
Expected mass limit [TeV] 1.30 1.07

95% C.L. mass limits with 1 fb−1 @ 7 TeV [7]

model W ′ ρT (mρT = mπT +mW , maT = 1.1×mρT , sinχ = 1/3)

Observed mass limit [TeV] 0.76 0.48
Expected mass limit [TeV] 0.78 0.55
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ZZ → ℓℓqq [8]

Benchmark model: bulk RS G∗

exactly two leptons (ee or µ+µ−) with 66

< mℓℓ < 116 GeV and high-pT jets

“resolved” SR: pℓℓ
T

>50 GeV, ∆φ(jj) <1.6,

65< mjj <115 GeV

“merged” SR: pℓℓ
T

>200 GeV, pj
T

>200 GeV,

mj >40 GeV

Backgrounds: Z+jets, diboson, tt̄

Signal acceptance in two signal regions:

µµj candidate event, m(µµj) = 2.9 TeV
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ZZ → ℓℓqq

m(ℓℓjj),m(ℓℓj) distributions in the signal regions; The background is
estimated by fitting the data
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95% C.L. limits on σ × B(G∗ → ZZ ) [8]
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Summary

5 ATLAS searches with 8 TeV data presented

New tighter constraints on 7 different BSM models obtained

Updates with larger data samples coming soon!

Stay tuned ...
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Models I

Sequential Standard Model [9]: the Z ′
SSM has the same couplings to

fermions as the Standard Model (SM) Z boson

E6 Grand Unification Model [10]: six different Z ′ states

Randall-Sundrum Model [11]: solves the hierarchy problem with a warped
extra dimension, predicts excited Kaluza-Klein modes of the graviton

Excited quark and leptons [12, 13]: compositeness for solving hierarchy
problem

New vector bosons [14]: suppressed coupling
gW ′WZ = gWWZ (mWmZ/m

2
W ′)

Low-scale technicolor [15, 16]

Bulk Randall-Sundrum Model [17]: enhanced branching fractions to heavy
particles
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Fit functions for the background extrapolation or estimation

dilepton: axbxclnx

dijet: p1(1− x)p2xp3+p4lnx

ℓℓ̄γ: exp(P0 + P1 ×mℓℓγ)

ℓνℓℓ: c1e
k1x + c2e

k2x

ℓℓqq: p0 × (1−x)p1

xp2+p3lnx
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