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Search for Contact Interactions in Dilepton Events from pp Collisions

at
√
s = 7 TeV with the ATLAS Detector

The ATLAS Collaboration

This Letter presents a search for contact interactions in the dielectron and dimuon channels using
data from proton-proton collisions produced by the LHC at

√

s = 7 TeV and recorded by the
ATLAS detector. The data sample, collected in 2011, corresponds to an integrated luminosity of
1.08 and 1.21 fb−1 in the e+e− and µ+µ− channels, respectively. No significant deviations from the
standard model are observed. Using a Bayesian approach with a prior flat in 1/Λ2, the following
95% CL lower limits are placed on the energy scale of ℓℓqq contact interactions: Λ− > 10.1 TeV
(Λ+ > 9.4 TeV) in the electron channel and Λ− > 8.0 TeV (Λ+ > 7.0 TeV) in the muon channel
for constructive (destructive) interference in the left-left isoscalar contact interaction model. Limits
are also provided for a prior flat in 1/Λ4.

INTRODUCTION

A wide range of new physics phenomena can produce
modifications to the dilepton mass spectra predicted by
the standard model (SM) such as quark/lepton compos-
iteness, extra dimensions, and new gauge bosons. The
predicted form of these deviations is often either a reso-
nance or an excess in the number of events in the spectra
at high mass. This Letter reports on a search for such
an excess in dilepton events produced in proton-proton
collisions at the LHC [1]. An interpretation of these data
in the context of contact interactions (CI) is presented,
including the first limits with the ATLAS detector in the
dielectron channel and an update of the search performed
using 2010 data in the dimuon channel [2]. A separate pa-
per describes the search for new heavy resonances in the
dilepton mass spectra performed using the same ATLAS
dataset [3].
If quarks and leptons are composite, with at least

one common constituent, the interaction of these con-
stituents would likely be manifested through an effec-
tive four-fermion contact interaction at energies well be-
low the compositeness scale. Such a contact interaction
could also describe a new interaction with a messenger
too heavy for direct observation at the LHC, in analogy
with Fermi’s nuclear β decay theory [4].
The Lagrangian for a general contact interaction has

the form [5]

L = g2

2Λ2 [ ηLL ψLγµψL ψLγ
µψL

+ ηRR ψRγµψR ψRγ
µψR

+2ηLR ψLγµψL ψRγ
µψR ] ,

(1)

where g is a coupling constant chosen to obey g2/4π = 1,
Λ is the contact interaction scale, which in the context
of compositeness models is the energy scale below which
fermion constituents are bound, and ψL,R are left-handed
and right-handed fermion fields, respectively. The pa-
rameters ηij , where i and j are L or R, define the chiral
structure (left or right) of the new interaction. Specific

models are constructed by setting different combinations
of these parameters to assume values of −1, 0 or +1.
The addition of this contact interaction term to the SM
Lagrangian alters the Drell-Yan (DY) production cross
section (qq̄ → Z/γ∗ → ℓ+ℓ−). The largest deviations,
either constructive or destructive, are expected at high
dilepton invariant mass and are determined by the scale
Λ and the sign of the parameter ηij . This analysis in-
terprets the data in the context of the left-left isoscalar
model (LLIM), which is commonly used as a benchmark
for contact interaction searches [6]. The LLIM is defined
by setting ηLL = ±1 and ηRR = ηLR = 0.
With the introduction of a contact interaction, the dif-

ferential cross section for the process qq̄ → ℓ+ℓ− can be
written

dσ

dmℓℓ

=
dσDY

dmℓℓ

− ηLL

FI(mℓℓ)

Λ2
+
FC(mℓℓ)

Λ4
, (2)

where mℓℓ is the final-state dilepton mass. The expres-
sion above includes a SM DY term, as well as DY-CI in-
terference (FI) and pure contact interaction (FC) terms
(see Ref. [7] for the full form of this expression). At the
largest Λ values to which this analysis is sensitive, both
interference and pure contact interaction terms play a
significant role. For example, at dilepton masses greater
than 300 GeV and Λ = 9 TeV, the magnitude of the inter-
ference term is about 1.5 times that of the pure contact
interaction term.
The present analysis focuses on identifying a broad de-

viation from the SM dilepton mass spectra, which are
expected to be dominated by the DY process. Current
experimental bounds on Λ (see below) indicate any devi-
ation from a new interaction would appear at masses well
above the Z boson peak. Consequently, the search region
is restricted to dilepton masses above 150 GeV. The anal-
ysis exploits the high pp collision energy of the LHC and
the capabilities of the ATLAS detector to identify and
reconstruct electrons and muons at high momentum.
Previous searches for contact interactions have been

carried out in neutrino scattering [8], as well as at
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electron-positron [9–13], electron-proton [14, 15], and
hadron colliders [16–24]. In the case of eeqq contact
interactions, the best limits in the LLIM for all quark
flavors come from e+e− experiments with Λ− > 7.2 TeV
and Λ+ > 12.9 TeV [9] at 95% confidence level (CL) for
ηLL = −1 and +1, respectively. These limits assume
that contact interactions of electrons with all quark fla-
vors are of the same strength. Best limits set in the
specific case of first generation quarks are Λ− > 9.1 TeV
and Λ+ > 8.6 TeV [13] at 95% CL. In the case of µµqq
contact interactions, the best limits are Λ− > 4.9 TeV
and Λ+ > 4.5 TeV from the ATLAS analysis of the 2010
data [2].

ATLAS DETECTOR AND DATA SAMPLE

ATLAS is a multipurpose particle detector [25]. It con-
sists of an inner tracking detector surrounded by a 2 T
superconducting solenoid, electromagnetic and hadronic
calorimeters, and a muon spectrometer with a toroidal
magnetic field. Charged particle tracks are reconstructed
using the inner detector, which comprises a silicon pixel
detector, a silicon-strip tracker, and a transition radi-
ation tracker, covering the pseudorapidity range |η| <
2.5 [26]. A hermetic calorimeter, which covers |η| <
4.9, surrounds the superconducting solenoid. The liquid-
argon electromagnetic calorimeter, which plays an im-
portant role in electron identification and measurement,
is finely segmented, with readout granularity (η, φ) vary-
ing by layer and cells as small as 0.025 × 0.025 ex-
tending to |η| < 2.5, to provide excellent energy and
position resolution. The electron energy resolution is
dominated at high energy by a constant term equal to
1.2% in the barrel (|η| < 1.37) and 1.8% in the endcaps
(1.52 < |η| < 2.47). Hadron calorimetry is provided by
an iron-scintillator tile calorimeter in the central rapid-
ity range |η| < 1.7 and a liquid-argon calorimeter in the
rapidity range 1.5 < |η| < 4.9. Another key detector
component for this analysis is the muon spectrometer,
which is designed to identify muons and measure their
momenta with high accuracy. The currently achieved
resolution for momenta transverse to the beam line (pT )
of 1 TeV ranges from 15% (central) to 44% (for |η| > 2).
The muon system comprises three toroidal magnet sys-
tems, a trigger system consisting of resistive plate cham-
bers in the barrel and thin-gap chambers in the endcaps,
providing triggering capability up to |η| = 2.4, and a
set of precision monitored drift tubes and cathode strip
chambers in the region |η| < 2.7.
The data sample for this analysis was collected during

LHC operation in the first half of 2011 and corresponds to
a total integrated luminosity of 1.08 and 1.21 fb−1 in the
e+e− and µ+µ− channels, respectively. It was collected
with stable beam conditions and an operational inner de-
tector. For the electron (muon) channel, the calorimeter

(muon spectrometer) was also required to be operational.
Events were selected by requiring that they pass the sin-
gle electron (muon) trigger with a transverse momentum
pT threshold of 20 (22) GeV. This analysis follows the
same event selection as the search for new heavy reso-
nances. A summary is provided below, a more complete
description can be found in Ref. [3].

SIGNAL AND BACKGROUND MODELING

This analysis looks for deviations from the expected
SM dilepton spectra. The largest SM contribution comes
from DY followed by semileptonic decay of tt̄ pairs,
electroweak diboson production (WW , WZ, and ZZ),
and production of jets in association with a W boson
(W+jets). In addition, multi-jet production (QCD) is
a significant background in the electron channel. With
the exception of QCD, Monte Carlo (MC) simulation was
used to model these backgrounds.
DY events were generated with Pythia 6.421 [27]

and Mrst2007 LO∗ parton distribution functions
(PDFs) [28]. Signal DY+CI samples in the LLIM were
generated with the same version of Pythia for the full
dilepton differential cross section as shown in Eq. (2).
This ensured that the interference term FI was properly
included. All quark flavors contributed to the contact
interaction in these signal samples. Diboson processes
were produced with Herwig 6.510 [29] using Mrst2007

LO∗ PDFs. TheW+jets background was generated with
Alpgen [30] and Cteq6l1 [31] PDFs, and the tt̄ back-
ground with Mc@nlo 3.41 [32] and Cteq6.6 [33] PDFs.
For the latter two, Jimmy 4.31 [34] was used to describe
multiple parton interactions and Herwig to describe the
remaining underlying event and parton showers. Pho-

tos [35] was used to handle the final-state photon radia-
tion for all MC samples. Furthermore, higher order QCD
corrections were implemented via a mass-dependent K-
factor defined as the ratio between the next-to-next-to-
leading order (NNLO) Z/γ∗ cross section, calculated us-
ing Phozpr [36] and Mstw2008 PDFs [37], and the LO
cross section. This QCD K-factor was applied to both
DY and DY+CI samples. Likewise, DY and DY+CI
samples are corrected with a mass-dependent K-factor
accounting for higher-order electroweak corrections aris-
ing from virtual heavy gauge boson loops that are calcu-
lated using Horace [38]. Finally, the generated samples
were processed through a full simulation of the ATLAS
detector [39] based on the Geant 4 package [40].
For both channels, the QCD multi-jet background

is evaluated from data due to poor modeling and low
MC statistics. In the electron channel, a reversed elec-
tron identification technique is used to select a sample
of events in which both electrons fail a subset of the
electron identification criteria (see further discussion be-
low). This sample is then used to determine the shape
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of the QCD background as a function of dielectron in-
variant mass. This template shape and the sum of the
DY, dibosons, tt̄, and W+jets backgrounds normalized
by their cross sections (including higher order correc-
tions) are fitted to the observed dielectron mass distri-
bution in the range between 70 and 200 GeV to deter-
mine the normalization of the QCD contribution. The
above QCD background estimate is cross-checked with
two other methods described in Ref. [3] in order to de-
termine its systematic uncertainty. In particular, these
cross-checks set bounds on the potential bias in the QCD
mass spectrum introduced by the reversed identification
technique. In the muon channel, the QCD background
is much smaller and is also evaluated from data. A re-
verse isolation method is utilized: a QCD sample is se-
lected from data by requiring two non-isolated muons
with 0.1 < ΣpT (R < 0.3)/pT (µ) < 1.0, where ΣpT
(R < 0.3) is the sum of the pT of the tracks in a cone

of R =
√

∆η2 +∆φ2 < 0.3 around the direction of the
muon. The normalization for this sample is obtained
from the ratio of isolated to non-isolated dimuon events
in QCD cc̄ and bb̄ MC, where the isolation requirement
is ΣpT (R < 0.3)/pT (µ) < 0.05. Muons from light hadron
decays are not a significant source of background at the
high momenta relevant to this analysis.

EVENT SELECTION

Events passing the trigger selection described above
are required to have a pair of either electrons or muons
with pT greater than 25 GeV to ensure maximal trigger
efficiency. To reject cosmic ray events and beam halo
background, events are required to have a reconstructed
vertex with at least three charged particle tracks with
pT > 0.4 GeV. If several such vertices are found, the ver-
tex with the largest Σp2T is selected as the primary vertex
of the event, where the sum is over all charged particles
associated with the given vertex. Electron candidates are
confined in |η| < 2.47, with the detector crack region 1.37
≤ |η| ≤ 1.52 excluded because of degraded energy reso-
lution. Muon candidates are required to be within the
inner detector acceptance.
Electron candidates are formed from clusters of cells

reconstructed in the electromagnetic calorimeter. Identi-
fication criteria on the transverse shower shape, the lon-
gitudinal leakage into the hadronic calorimeter, and the
association to an inner detector track are applied to the
cluster to satisfy the medium electron definition [41]. The
electron energy is obtained from the calorimeter mea-
surements and its direction from the associated inner
detector track. A hit in the first layer of the pixel de-
tector is required (if an active pixel layer is traversed) to
suppress background from photon conversions. Further
QCD jet background suppression is achieved by demand-
ing the highest pT electron in the event to be isolated.

To that effect, the sum of the calorimeter transverse mo-
menta around the electron direction ΣpT (R < 0.2) must
be less than 7 GeV. The core of the electron energy depo-
sition is excluded and the sum is corrected for transverse
shower leakage and pile-up from additional pp collisions.
In addition, the two electron candidates are not required
to have opposite charge because of possible charge mis-
identification either due to bremsstrahlung or to the lim-
ited momentum resolution of the inner detector at very
high pT . If the event contains more than two selected
electrons, the two electrons with the highest pT are cho-
sen. For these selection criteria, the overall event accep-
tance for signal events has a small dependence on the
dielectron mass above 500 GeV and a value of approxi-
mately 65% at 1 TeV.

Muon candidates are required to be of opposite charge
and are reconstructed independently in both the inner
detector and the muon spectrometer. The momentum
is taken from a combined fit to the measurements from
both subsystems. To obtain optimal momentum resolu-
tion and accurate modeling by the simulation, the muon
candidates are required to satisfy the following require-
ments in the muon spectrometer: have at least three hits
in each of the inner, middle, and outer detectors, and
at least one hit in the non-bending xy plane. To sup-
press background from cosmic rays, requirements are im-
posed on the muon impact parameter and primary vertex
(PV): transverse impact parameter |d0| < 0.2 mm, z co-
ordinate with respect to the PV |z0 − zPV| < 1 mm,
and z position of the PV |zPV| < 200 mm. Muons
are also required to be isolated to reduce background
from jets: ΣpT (R < 0.3)/pT (µ) < 0.05, as explained
in the previous section. If more than one opposite-sign
muon pair is found in an event, the pair with the largest
pT (µ

+) + pT (µ
−) is chosen. The overall event accep-

tance for signal events has only a weak dependence on
the dimuon mass with a value of approximately 40% at
1 TeV. Stringent requirements on the presence of hits in
all three layers of the muon spectrometer and the limited
three-layer geometrical coverage are the primary reason
for the lower acceptance relative to the electron channel.

Extensive comparisons between data and MC simula-
tion were performed at the level of single-lepton distri-
butions to confirm that the simulation reproduces the
selected data well, especially at high momentum.

Figure 1 displays the dielectron and dimuon mass spec-
tra for all selected events with invariant mass greater
than 70 GeV. The expected event yields for the differ-
ent processes are obtained by first normalizing each MC
process by its cross section (including higher order cor-
rections) and then normalizing the total MC event yield
plus the data-derived QCD background to the data in the
Z peak region (dilepton mass between 70 and 110 GeV).
Good agreement is observed between the data and the
SM prediction over the whole dilepton mass range. A
quantitative comparison is provided in Tables I and II. A
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FIG. 1. Dielectron (top) and dimuon (bottom) invariant mass
distributions for data (points) and Monte Carlo simulation
(histograms). The open histograms correspond to the distri-
butions expected in the presence of contact interactions with
different values of Λ for both constructive (solid histograms)
and destructive (dashed histograms) interference.

slight excess of events observed at high dimuon mass is
consistent with a statistical fluctuation. The most signif-
icant deviation in the number of dimuon events occurs for
events with mass greater than 800 GeV. In this region,
the Poisson probability for observing 5 or more events
where 2.1 are expected is 6.2%. The muon tracks in the
five data events were inspected in detail and no problem
was found.

SYSTEMATIC UNCERTAINTIES

Since the MC event yields are normalized to the num-
ber of events observed in the Z peak region, only mass-
dependent systematic uncertainties need to be consid-
ered, except for a 5% overall uncertainty in the knowl-
edge of the Z/γ∗ cross section in the normalization re-
gion. This overall uncertainty is required since the cross
section change due to the new physics is defined with re-

spect to the SM cross section. The dominant uncertain-
ties are of theoretical origin but experimental sources are
also considered.
Theoretical uncertainties in the predicted event yields

arise from the limited knowledge of PDFs, αS , QCD and
electroweakK-factors, and Z/γ∗ cross section. The finite
available MC statistics are also taken into account. The
uncertainty due to the PDF and αS is estimated using the
Mstw2008 PDF eigenvector set and additional PDFs
corresponding to variations in αS . The resulting effect
is about 4% at the Z pole growing with increasing mass
to 10% at 1.5 TeV. Uncertainties due to QCD and elec-
troweak K-factors are estimated to grow from 0.3% and
0.4% at the Z pole to 3% and 4.5% at 1.5 TeV, respec-
tively, for both electron and muon channels. Estimates
for the QCD K-factor are obtained by varying the renor-
malization and factorization scales independently by fac-
tors of two, then adding the impact of those variations
linearly. The uncertainty in the electroweak K-factor is
evaluated from the effect of neglecting real boson emis-
sion, varying the electroweak scheme definitions as im-
plemented in Pythia and Horace, as well as of the ef-
fect of higher order electroweak and O(ααS) corrections.
For the electron channel, the QCD background estimate
is subject to an uncertainty derived from a comparison
with different background estimate methods (see discus-
sion above). For the muon channel, the QCD background
uncertainty is negligible.
Experimental uncertainties originate from the en-

ergy/momentum resolution, as well as the trigger, re-
construction and identification efficiencies. In the elec-
tron channel, the uncertainty in the constant term, which
dominates the energy resolution at high energy, has a
negligible impact on the analysis. Knowledge of the en-
ergy scale also has a negligible effect. The electron re-
construction and identification uncertainty results in a
1.5% effect, which is estimated by studying the impact
of the isolation requirement on the dielectron mass distri-
bution. In the muon channel, the momentum resolution
is dominated by the quality of the muon spectrometer
alignment. The uncertainty in the alignment is evalu-
ated directly from dedicated toroid field-off runs and re-
dundant momentum measurements in overlapping small
and large chambers. These experimental uncertainties
are found to have minimal impact on the dimuon mass
distribution. Finally, a systematic error growing from
0.3% at the Z pole to 4.5% at 1.5 TeV is assigned to
the muon reconstruction efficiency to account conserva-
tively for its small pT dependence due to occasional large
energy loss from bremsstrahlung.

STATISTICAL ANALYSIS

The data analysis proceeds with a Bayesian method
to compare the observed event yields with the expected
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TABLE I. Expected and observed numbers of events in the electron channel. The total expected yield is normalized to the
data in the Z peak control region between 70 and 110 GeV. The errors quoted originate from both systematic uncertainties
and limited MC statistics, except the error on the total expected yield in the normalization region which is given by the square
root of the number of observed events.

mee [GeV] 70-110 110-130 130-150 150-170 170-200 200-240 240-300

DY 258482 ± 410 3185 ± 110 1183 ± 46 608 ± 28 473 ± 24 312 ± 18 196 ± 9

tt̄ 218 ± 36 87 ± 7 64 ± 5 51 ± 2 51 ± 2 37 ± 2 30 ± 1

Dibosons 368 ± 19 31 ± 2 24 ± 2 15 ± 1 16 ± 1 14 ± 1 8 ± 1

W+jets 150 ± 100 57 ± 11 40 ± 9 27 ± 6 26 ± 6 20 ± 5 14 ± 4

QCD 332 ± 60 80 ± 42 50 ± 20 32 ± 7 29 ± 7 19 ± 15 12 ± 9

Total 259550 ± 510 3440 ± 120 1361 ± 50 733 ± 30 595 ± 25 401 ± 24 260 ± 13

Data 259550 3419 1362 758 578 405 256

mee [GeV] 300-400 400-550 550-800 800-1200 1200-1800 1800-3000

DY 105.0 ± 5.0 41.0 ± 2.2 12.8 ± 0.8 2.5 ± 0.2 0.29 ± 0.05 < 0.05

tt̄ 14.9 ± 0.8 4.5 ± 0.2 1.0 ± 0.1 0.10 ± 0.02 < 0.05 < 0.05

Dibosons 7.5 ± 1.1 2.1 ± 0.4 1.0 ± 0.3 0.3 ± 0.1 < 0.05 < 0.05

W+jets 9.0 ± 3.2 3.5 ± 1.6 1.0 ± 0.7 0.2 ± 0.3 < 0.05 < 0.05

QCD 5.5 ± 4.4 1.5 ± 1.2 0.3 ± 0.2 < 0.05 < 0.05 < 0.05

Total 141.9 ± 8.0 52.6 ± 3.0 16.1 ± 1.1 3.0 ± 0.4 0.33 ± 0.05 < 0.05

Data 147 48 17 3 0 0

TABLE II. Expected and observed numbers of events in the dimuon channel. The total expected yield is normalized to the
data in the Z peak control region between 70 and 110 GeV. The errors quoted originate from both systematic uncertainties
and limited MC statistics, except the error on the total expected yield in the normalization region which is given by the square
root of the number of observed events.

mµµ [GeV] 70-110 110-130 130-150 150-170 170-200 200-240 240-300

DY 236405 ± 320 3133 ± 90 1076 ± 36 548 ± 22 417 ± 18 249 ± 13 153 ± 7

tt̄ 193 ± 21 70 ± 9 51 ± 7 34 ± 4 38 ± 4 30 ± 3 21 ± 2

Diboson 307 ± 16 25 ± 2 19 ± 2 13 ± 2 12 ± 1 10 ± 1 8 ± 1

W+jets 1 ± 1 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5

QCD 1 ± 1 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5

Total 236908 ± 490 3229 ± 90 1147 ± 37 595 ± 22 467 ± 19 290 ± 13 182 ± 8

Data 236908 3211 1132 621 443 279 195

mµµ [GeV] 300-400 400-550 550-800 800-1200 1200-1800 1800-3000

DY 80.8 ± 3.9 31.0 ± 1.7 9.2 ± 0.6 1.8 ± 0.2 0.22 ± 0.04 < 0.05

tt̄ 11.7 ± 1.2 3.5 ± 0.3 0.7 ± 0.1 0.06 ± 0.02 < 0.05 < 0.05

Diboson 6.7 ± 1.1 1.0 ± 0.4 0.7 ± 0.3 < 0.05 < 0.05 < 0.05

W+jets < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

QCD < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

Total 99.3 ± 4.2 35.5 ± 1.8 10.6 ± 0.7 1.9 ± 0.2 0.22 ± 0.04 < 0.05

Data 83 39 12 5 0 0

yields for a range of different contact interaction model
parameters. Specifically, the number µ of expected
events in each of the mass bins defined in Tables I and II
is

µ = nDY+CI(θ, ν̄) + nnon−DY bg(ν̄) , (3)

where nDY+CI(θ, ν̄) is the number of events predicted by
the Pythia DY+CI MC for a particular choice of con-
tact interaction model parameter θ, nnon−DY bg(ν̄) is the
number of non-DY background events, and ν̄ represents
the set of Gaussian nuisance parameters that account for
systematic uncertainties in these numbers as discussed

above. The parameter θ corresponds to a choice of energy
scale Λ and interference parameter ηLL. The complete
set of µ values used in this analysis is shown in Tables III
and IV for the electron and muon channels, respectively.
For each mass bin, a second order polynomial is used to
model the dependence of µ on 1/Λ2.

The likelihood of observing a set of n̄ events in N in-
variant mass bins is given by a product of Poisson prob-
abilities for each mass bin k:

L(n̄ | θ, ν̄) =
N
∏

k=1

µnk

k e−µk

nk!
. (4)
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TABLE III. Expected numbers of events in the signal region of the analysis for various contact interaction scales with con-
structive (Λ−) and destructive (Λ+) interference in the electron channel. The errors quoted originate from both systematic
uncertainties and limited MC statistics.

mee [GeV] 150-170 170-200 200-240 240-300 300-400

Λ− = 3 TeV 785 ± 29 649 ± 26 467 ± 22 383 ± 19 343 ± 12

Λ− = 4 TeV 781 ± 28 647 ± 26 437 ± 21 326 ± 17 223 ± 7

Λ− = 5 TeV 734 ± 27 612 ± 24 405 ± 19 298 ± 16 181 ± 6

Λ− = 7 TeV 691 ± 26 638 ± 25 406 ± 19 259 ± 15 163 ± 5

Λ− = 12 TeV 721 ± 26 604 ± 24 336 ± 17 234 ± 14 149 ± 5

Λ+ = 3 TeV 770 ± 28 642 ± 24 424 ± 20 331 ± 17 269 ± 9

Λ+ = 4 TeV 745 ± 27 591 ± 23 385 ± 19 277 ± 16 166 ± 5

Λ+ = 5 TeV 702 ± 25 607 ± 23 350 ± 17 258 ± 15 151 ± 5

Λ+ = 7 TeV 672 ± 25 600 ± 23 399 ± 19 251 ± 14 142 ± 5

Λ+ = 12 TeV 749 ± 27 593 ± 23 403 ± 19 274 ± 15 137.9 ± 4.4

mee [GeV] 400-550 550-800 800-1200 1200-1800 1800-3000

Λ− = 3 TeV 286 ± 11 269 ± 12 207 ± 11 112 ± 8 30.3 ± 3.4

Λ− = 4 TeV 132 ± 5 109.1 ± 4.9 80.5 ± 4.1 29.8 ± 2.3 10.9 ± 1.3

Λ− = 5 TeV 82.7 ± 3.6 57.3 ± 2.6 35.5 ± 1.9 14.8 ± 1.1 3.9 ± 0.5

Λ− = 7 TeV 68.3 ± 2.9 29.0 ± 1.4 11.2 ± 0.7 4.0 ± 0.4 1.08 ± 0.17

Λ− = 12 TeV 57.3 ± 2.6 18.8 ± 1.1 5.0 ± 0.4 1.00 ± 0.13 0.15 ± 0.05

Λ+ = 3 TeV 215 ± 8 239 ± 11 185 ± 10 107 ± 7 28.4 ± 3.2

Λ+ = 4 TeV 100.9 ± 3.8 78.1 ± 3.6 60.7 ± 3.2 31.5 ± 2.2 8.7 ± 1.0

Λ+ = 5 TeV 64.4 ± 2.7 36.2 ± 1.8 25.4 ± 1.3 12.7 ± 0.9 3.5 ± 0.4

Λ+ = 7 TeV 56.3 ± 2.5 20.3 ± 1.1 7.7 ± 0.5 3.58 ± 0.28 0.83 ± 0.12

Λ+ = 12 TeV 52.4 ± 2.4 14.4 ± 0.9 3.29 ± 0.28 0.46 ± 0.08 0.075 ± 0.026

According to Bayes’ theorem, the posterior probability
for the parameter θ given n̄ observed events is

P(θ | n̄) = 1

ZLM(n̄ | θ)P (θ), (5)

where Z is a normalization constant and the marginal-
ized likelihood LM corresponds to the likelihood after
all nuisance parameters have been integrated out. This
integration is performed assuming that the nuisance pa-
rameters are correlated across all mass bins and that they
affect both signal and background expectations, except
for the electroweakK-factor that only affects the DY and
DY+CI components. The prior probability P (θ) is cho-
sen to be flat in 1/Λ2, motivated by the form of Eq. (2).
The 95% CL limit is then obtained by finding the value

Λlim satisfying
∫ θlim

0
P(θ | n̄) dθ = 0.95, where θ = 1/Λ2.

The above calculations have been performed with the
Bayesian Analysis Toolkit (BAT) [42].

RESULTS

To test the consistency between the data and the
standard model, a likelihood ratio test was performed
by producing a set of 1000 SM-like pseudoexperiments
and comparing the likelihood ratio between the sig-
nal+background and pure background hypotheses ob-
tained in the data to the results of the pseudoexperi-
ments. The signal+background likelihood is evaluated at

the Λ value that maximizes it. The derived p-value, cor-
responding to the probability of observing a fluctuation
in the pseudoexperiments that is at least as signal-like as
that seen in the data (i.e. with a maximum likelihood
ratio greater or equal to that obtained in the data), is es-
timated to be 39% (79%) in the electron channel and 21%
(5%) in the muon channel for constructive (destructive)
interference. These values indicate that there is no sig-
nificant evidence for contact interactions in the analyzed
data and thus limits are set on the contact interaction
scale Λ.
Using the Bayesian method described above, the ex-

pected 95% CL lower limit values on the energy scale Λ
are found to be 9.6±1.0 TeV for constructive interference
(ηLL = −1) and 9.3±1.0 TeV for destructive interference
(ηLL = +1) in the electron channel. The corresponding
expected limits in the muon channel are 8.9±0.9 TeV and
8.6±0.9 TeV. The quoted uncertainties correspond to the
68% range of limits surrounding the median value of all
limits obtained with a set of 1000 pseudoexperiments.
Stronger limits are expected in the electron channel than
in the muon channel due to the significantly larger ac-
ceptance for the dielectron selection.
The observed limits (at 95% CL) are Λ− > 10.1 TeV

(Λ+ > 9.4 TeV) in the electron channel and Λ− > 8.0 TeV
(Λ+ > 7.0 TeV) in the muon channel for constructive
(destructive) interference. These limits are summarized
in Table V.
If instead of choosing the prior to be flat in 1/Λ2, it

is selected to be flat in 1/Λ4 to match the form of the
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TABLE IV. Expected numbers of events in the signal region of the analysis for various contact interaction scales with con-
structive (Λ−) and destructive (Λ+) interference in the muon channel. The errors quoted originate from both systematic
uncertainties and limited MC statistics.

mµµ [GeV] 150-170 170-200 200-240 240-300 300-400

Λ− = 3 TeV 638 ± 28 547 ± 26 371 ± 22 285 ± 19 263 ± 13

Λ− = 4 TeV 618 ± 27 513 ± 24 287 ± 18 228 ± 15 163 ± 7

Λ− = 5 TeV 572 ± 26 478 ± 23 357 ± 20 206 ± 14 131 ± 6

Λ− = 7 TeV 571 ± 25 496 ± 23 294 ± 18 187 ± 14 113 ± 5

Λ− = 12 TeV 606 ± 26 441 ± 22 252 ± 16 191 ± 14 100.0 ± 3.8

Λ+ = 3 TeV 602 ± 26 417 ± 21 332 ± 19 205 ± 15 186 ± 10

Λ+ = 4 TeV 575 ± 25 456 ± 22 286 ± 17 182 ± 13 112 ± 5

Λ+ = 5 TeV 554 ± 25 483 ± 23 289 ± 17 167 ± 12 102.0 ± 4.0

Λ+ = 7 TeV 557 ± 24 435 ± 21 292 ± 18 196 ± 14 102.0 ± 4.4

Λ+ = 12 TeV 576 ± 25 421 ± 21 256 ± 16 186 ± 13 100.0 ± 3.9

mµµ [GeV] 400-550 550-800 800-1200 1200-1800 1800-3000

Λ− = 3 TeV 192 ± 11 185 ± 12 151 ± 12 60 ± 9 18 ± 7

Λ− = 4 TeV 97 ± 5 73 ± 5 50.3 ± 4.0 17.9 ± 2.9 6.8 ± 2.4

Λ− = 5 TeV 62.8 ± 3.3 37.5 ± 2.2 21.8 ± 1.8 8.7 ± 1.3 2.8 ± 1.0

Λ− = 7 TeV 45.9 ± 2.4 19.5 ± 1.2 7.9 ± 0.7 3.0 ± 0.5 0.59 ± 0.38

Λ− = 12 TeV 38.0 ± 2.0 14.0 ± 0.9 2.90 ± 0.26 0.91 ± 0.24 0.11 ± 0.14

Λ+ = 3 TeV 152 ± 9 153 ± 11 131 ± 11 63 ± 8 19 ± 6

Λ+ = 4 TeV 68.2 ± 3.7 54.7 ± 3.7 42.8 ± 3.4 22.2 ± 2.7 7.4 ± 2.1

Λ+ = 5 TeV 51.0 ± 2.5 24.9 ± 1.6 15.7 ± 1.3 8.0 ± 1.0 2.9 ± 0.8

Λ+ = 7 TeV 33.9 ± 1.8 13.3 ± 0.8 5.04 ± 0.43 1.85 ± 0.32 0.63 ± 0.30

Λ+ = 12 TeV 34.0 ± 1.8 10.1 ± 0.6 1.73 ± 0.18 0.25 ± 0.12 0.07 ± 0.10

pure CI term in Eq. (2), the observed limit in the elec-
tron channel becomes weaker by 0.9 TeV (0.8 TeV) for
constructive (destructive) interference. The correspond-
ing shift to lower values is 0.4 TeV (0.3 TeV) in the muon
channel, see Table V.
The quoted limits have been obtained with electroweak

corrections applied to both DY and DY+CI samples for
consistency, although part of the electroweak corrections
cannot be computed reliably due to the unknown new
physics represented by the contact interaction. However,
this particular choice does not affect the observed limits
significantly and results in slightly more conservative lim-
its. The limits obtained without electroweak corrections
improve by less than 0.1 TeV.
Finally, a limit is set on the combination of the elec-

tron and muon channels, assuming lepton universality,
by computing a combined posterior probability for the
two channels. The following sources of systematic un-
certainty are treated as fully correlated between the two
channels: PDF and αS , QCD and electroweakK-factors,
and Z/γ∗ cross section for normalization. The resulting
combined limits are Λ− > 10.2 TeV and Λ+ > 8.8 TeV
for the 1/Λ2 prior. Table V summarizes all limits for the
two priors considered in this study and shows that the
combined limit is weaker than the electron channel limit
in the case of destructive interference. This is due to the
slight excess of events observed in the muon channel for
masses greater than 800 GeV, an excess that gives an
increase in the likelihood that is stronger for destructive
interference than it is for constructive interference.

TABLE V. Expected and observed 95% CL lower limits on the
contact interaction energy scale Λ for the electron and muon
channels, as well as for the combination of those channels.
Separate results are provided for the different choices of flat
priors: 1/Λ2 and 1/Λ4.

Channel Prior Expected limit (TeV) Observed limit (TeV)
Constr. Destr. Constr. Destr.

e+e− 1/Λ2 9.6 9.3 10.1 9.4
1/Λ4 8.9 8.6 9.2 8.6

µ+µ− 1/Λ2 8.9 8.6 8.0 7.0
1/Λ4 8.3 7.9 7.6 6.7

Comb. 1/Λ2 10.4 10.1 10.2 8.8
1/Λ4 9.6 9.4 9.4 8.4

CONCLUSIONS

A search for contact interactions in e+e− and µ+µ−

events produced in proton-proton collisions at
√
s =

7 TeV has been performed. The analysis uses early 2011
run data amounting to 1.08 (1.21) fb−1 of pp collisions in
the electron (muon) channel collected with the ATLAS
detector. The dilepton mass distributions do not display
significant deviations from the standard model. Using
a Bayesian approach with a 1/Λ2 prior, as was done in
most previous searches at hadron colliders, the follow-
ing 95% CL limits are set on the energy scale of contact
interactions: Λ− > 10.1 TeV (Λ+ > 9.4 TeV) in the
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electron channel and Λ− > 8.0 TeV (Λ+ > 7.0 TeV) in
the muon channel for constructive (destructive) interfer-
ence in the left-left isoscalar compositeness model. Some-
what weaker limits are obtained with a prior flat in 1/Λ4.
These limits are the most stringent to date on µµqq con-
tact interactions and exceed the best existing limits set
by a single experiment on eeqq contact interactions for
light-quark flavors.
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I. Mandić73, R. Mandrysch15, J. Maneira123a, P.S. Mangeard87, L. Manhaes de Andrade Filho23a, I.D. Manjavidze64,
A. Mann54, P.M. Manning136, A. Manousakis-Katsikakis8, B. Mansoulie135, A. Manz98, A. Mapelli29, L. Mapelli29,
L. March 79, J.F. Marchand28, F. Marchese132a,132b, G. Marchiori77, M. Marcisovsky124, A. Marin21,∗,
C.P. Marino168, F. Marroquim23a, R. Marshall81, Z. Marshall29, F.K. Martens157, S. Marti-Garcia166,
A.J. Martin174, B. Martin29, B. Martin87, F.F. Martin119, J.P. Martin92, Ph. Martin55, T.A. Martin17,
V.J. Martin45, B. Martin dit Latour49, S. Martin-Haugh148, M. Martinez11, V. Martinez Outschoorn57,
A.C. Martyniuk168, M. Marx81, F. Marzano131a, A. Marzin110, L. Masetti80, T. Mashimo154, R. Mashinistov93,
J. Masik81, A.L. Maslennikov106, I. Massa19a,19b, G. Massaro104, N. Massol4, P. Mastrandrea131a,131b,
A. Mastroberardino36a,36b, T. Masubuchi154, M. Mathes20, P. Matricon114, H. Matsumoto154, H. Matsunaga154,
T. Matsushita66, C. Mattravers117,c, J.M. Maugain29, J. Maurer82, S.J. Maxfield72, D.A. Maximov106,f , E.N. May5,
A. Mayne138, R. Mazini150, M. Mazur20, M. Mazzanti88a, E. Mazzoni121a,121b, S.P. Mc Kee86, A. McCarn164,
R.L. McCarthy147, T.G. McCarthy28, N.A. McCubbin128, K.W. McFarlane56, J.A. Mcfayden138, H. McGlone53,
G. Mchedlidze51b, R.A. McLaren29, T. Mclaughlan17, S.J. McMahon128, R.A. McPherson168,j, A. Meade83,
J. Mechnich104, M. Mechtel173, M. Medinnis41, R. Meera-Lebbai110, T. Meguro115, R. Mehdiyev92, S. Mehlhase35,
A. Mehta72, K. Meier58a, B. Meirose78, C. Melachrinos30, B.R. Mellado Garcia171, L. Mendoza Navas161,
Z. Meng150,s, A. Mengarelli19a,19b, S. Menke98, C. Menot29, E. Meoni11, K.M. Mercurio57, P. Mermod49,
L. Merola101a,101b, C. Meroni88a, F.S. Merritt30, A. Messina29, J. Metcalfe102, A.S. Mete63, C. Meyer80, C. Meyer30,
J-P. Meyer135, J. Meyer172, J. Meyer54, T.C. Meyer29, W.T. Meyer63, J. Miao32d, S. Michal29, L. Micu25a,
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M. Trottier-McDonald141, M. Trzebinski38, A. Trzupek38, C. Tsarouchas29, J.C-L. Tseng117, M. Tsiakiris104,
P.V. Tsiareshka89, D. Tsionou4,ae, G. Tsipolitis9, V. Tsiskaridze48, E.G. Tskhadadze51a, I.I. Tsukerman94,
V. Tsulaia14, J.-W. Tsung20, S. Tsuno65, D. Tsybychev147, A. Tua138, A. Tudorache25a, V. Tudorache25a,



16

J.M. Tuggle30, M. Turala38, D. Turecek126, I. Turk Cakir3e, E. Turlay104, R. Turra88a,88b, P.M. Tuts34,
A. Tykhonov73, M. Tylmad145a,145b, M. Tyndel128, G. Tzanakos8, K. Uchida20, I. Ueda154, R. Ueno28, M. Ugland13,
M. Uhlenbrock20, M. Uhrmacher54, F. Ukegawa159, G. Unal29, D.G. Underwood5, A. Undrus24, G. Unel162,
Y. Unno65, D. Urbaniec34, G. Usai7, M. Uslenghi118a,118b, L. Vacavant82, V. Vacek126, B. Vachon84, S. Vahsen14,
J. Valenta124, P. Valente131a, S. Valentinetti19a,19b, S. Valkar125, E. Valladolid Gallego166, S. Vallecorsa151,
J.A. Valls Ferrer166, H. van der Graaf104, E. van der Kraaij104, R. Van Der Leeuw104, E. van der Poel104,
D. van der Ster29, N. van Eldik83, P. van Gemmeren5, Z. van Kesteren104, I. van Vulpen104, M. Vanadia98,
W. Vandelli29, G. Vandoni29, A. Vaniachine5, P. Vankov41, F. Vannucci77, F. Varela Rodriguez29, R. Vari131a,
E.W. Varnes6, T. Varol83, D. Varouchas14, A. Vartapetian7, K.E. Varvell149, V.I. Vassilakopoulos56, F. Vazeille33,
G. Vegni88a,88b, J.J. Veillet114, C. Vellidis8, F. Veloso123a, R. Veness29, S. Veneziano131a, A. Ventura71a,71b,
D. Ventura137, M. Venturi48, N. Venturi157, V. Vercesi118a, M. Verducci137, W. Verkerke104, J.C. Vermeulen104,
A. Vest43, M.C. Vetterli141,d, I. Vichou164, T. Vickey144b,af , O.E. Vickey Boeriu144b, G.H.A. Viehhauser117,
S. Viel167, M. Villa19a,19b, M. Villaplana Perez166, E. Vilucchi47, M.G. Vincter28, E. Vinek29, V.B. Vinogradov64,
M. Virchaux135,∗, J. Virzi14, O. Vitells170, M. Viti41, I. Vivarelli48, F. Vives Vaque2, S. Vlachos9, D. Vladoiu97,
M. Vlasak126, N. Vlasov20, A. Vogel20, P. Vokac126, G. Volpi47, M. Volpi85, G. Volpini88a, H. von der Schmitt98,
J. von Loeben98, H. von Radziewski48, E. von Toerne20, V. Vorobel125, A.P. Vorobiev127, V. Vorwerk11, M. Vos166,
R. Voss29, T.T. Voss173, J.H. Vossebeld72, N. Vranjes12a, M. Vranjes Milosavljevic104, V. Vrba124, M. Vreeswijk104,
T. Vu Anh80, R. Vuillermet29, I. Vukotic114, W. Wagner173, P. Wagner119, H. Wahlen173, J. Wakabayashi100,
J. Walbersloh42, S. Walch86, J. Walder70, R. Walker97, W. Walkowiak140, R. Wall174, P. Waller72, C. Wang44,
H. Wang171, H. Wang32b,ag, J. Wang150, J. Wang55, J.C. Wang137, R. Wang102, S.M. Wang150, A. Warburton84,
C.P. Ward27, M. Warsinsky48, P.M. Watkins17, A.T. Watson17, I.J. Watson149, M.F. Watson17, G. Watts137,
S. Watts81, A.T. Waugh149, B.M. Waugh76, M. Weber128, M.S. Weber16, P. Weber54, A.R. Weidberg117,
P. Weigell98, J. Weingarten54, C. Weiser48, H. Wellenstein22, P.S. Wells29, M. Wen47, T. Wenaus24, S. Wendler122,
Z. Weng150,u, T. Wengler29, S. Wenig29, N. Wermes20, M. Werner48, P. Werner29, M. Werth162, M. Wessels58a,
C. Weydert55, K. Whalen28, S.J. Wheeler-Ellis162, S.P. Whitaker21, A. White7, M.J. White85, S.R. Whitehead117,
D. Whiteson162, D. Whittington60, F. Wicek114, D. Wicke173, F.J. Wickens128, W. Wiedenmann171, M. Wielers128,
P. Wienemann20, C. Wiglesworth74, L.A.M. Wiik-Fuchs48, P.A. Wijeratne76, A. Wildauer166, M.A. Wildt41,q,
I. Wilhelm125, H.G. Wilkens29, J.Z. Will97, E. Williams34, H.H. Williams119, W. Willis34, S. Willocq83,
J.A. Wilson17, M.G. Wilson142, A. Wilson86, I. Wingerter-Seez4, S. Winkelmann48, F. Winklmeier29, M. Wittgen142,
M.W. Wolter38, H. Wolters123a,h, W.C. Wong40, G. Wooden86, B.K. Wosiek38, J. Wotschack29, M.J. Woudstra83,
K.W. Wozniak38, K. Wraight53, C. Wright53, M. Wright53, B. Wrona72, S.L. Wu171, X. Wu49, Y. Wu32b,ah,
E. Wulf34, R. Wunstorf42, B.M. Wynne45, S. Xella35, M. Xiao135, S. Xie48, Y. Xie32a, C. Xu32b,w, D. Xu138,
G. Xu32a, B. Yabsley149, S. Yacoob144b, M. Yamada65, H. Yamaguchi154, A. Yamamoto65, K. Yamamoto63,
S. Yamamoto154, T. Yamamura154, T. Yamanaka154, J. Yamaoka44, T. Yamazaki154, Y. Yamazaki66, Z. Yan21,
H. Yang86, U.K. Yang81, Y. Yang60, Y. Yang32a, Z. Yang145a,145b, S. Yanush90, Y. Yao14, Y. Yasu65,
G.V. Ybeles Smit129, J. Ye39, S. Ye24, M. Yilmaz3c, R. Yoosoofmiya122, K. Yorita169, R. Yoshida5, C. Young142,
S. Youssef21, D. Yu24, J. Yu7, J. Yu111, L. Yuan32a,ai, A. Yurkewicz105, B. Zabinski38, V.G. Zaets 127, R. Zaidan62,
A.M. Zaitsev127, Z. Zajacova29, L. Zanello131a,131b, P. Zarzhitsky39, A. Zaytsev106, C. Zeitnitz173, M. Zeller174,
M. Zeman124, A. Zemla38, C. Zendler20, O. Zenin127, T. Ženǐs143a, Z. Zinonos121a,121b, S. Zenz14, D. Zerwas114,
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