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Final State Highest 
mass event 

Highest 
mass limit 

2x(top jet) ~1.2TeV 0.8TeV 
2x(bZ(ll))  >1TeV 0.7TeV 
2x(jjj) ~1.9TeV 0.65TeV 
2x(jjb) ~1.7TeV 0.835TeV 
2x(top tau) ST ~ 0.8TeV 0.55TeV 
2x(tau b) ~0.85TeV 0.74TeV 
2x(mu jet) ~1.2TeV 1.07TeV 

Probing 0.5 – 1 TeV scale 
physics across a wide 

range of final states 

single 

pair 
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ADD GKK + g/q − 1-2 j Yes 4.7 n = 2 1210.44914.37 TeVMD

ADD non-resonant ℓℓ 2e,µ − − 20.3 n = 3 HLZ ATLAS-CONF-2014-0305.2 TeVMS

ADD QBH→ ℓq 1 e,µ 1 j − 20.3 n = 6 1311.20065.2 TeVMth

ADD QBH − 2 j − 20.3 n = 6 to be submitted to PRD5.82 TeVMth

ADD BH high Ntrk 2 µ (SS) − − 20.3 n = 6, MD = 1.5 TeV, non-rot BH 1308.40755.7 TeVMth

ADD BH high ∑ pT ≥ 1 e, µ ≥ 2 j − 20.3 n = 6, MD = 1.5 TeV, non-rot BH 1405.42546.2 TeVMth

RS1 GKK → ℓℓ 2 e,µ − − 20.3 k/MPl = 0.1 1405.41232.68 TeVGKK mass
RS1 GKK →WW → ℓνℓν 2 e,µ − Yes 4.7 k/MPl = 0.1 1208.28801.23 TeVGKK mass
Bulk RS GKK → ZZ → ℓℓqq 2 e,µ 2 j / 1 J − 20.3 k/MPl = 1.0 ATLAS-CONF-2014-039730 GeVGKK mass
Bulk RS GKK → HH → bb̄bb̄ − 4 b − 19.5 k/MPl = 1.0 ATLAS-CONF-2014-005590-710 GeVGKK mass
Bulk RS gKK → tt 1 e,µ ≥ 1 b, ≥ 1J/2j Yes 14.3 BR = 0.925 ATLAS-CONF-2013-0522.0 TeVgKK mass

S1/Z2 ED 2 e,µ − − 5.0 1209.25354.71 TeVMKK ≈ R−1

UED 2 γ − Yes 4.8 ATLAS-CONF-2012-0721.41 TeVCompact. scale R−1

SSM Z ′ → ℓℓ 2 e,µ − − 20.3 1405.41232.9 TeVZ′ mass
SSM Z ′ → ττ 2 τ − − 19.5 ATLAS-CONF-2013-0661.9 TeVZ′ mass
SSM W ′ → ℓν 1 e,µ − Yes 20.3 ATLAS-CONF-2014-0173.28 TeVW′ mass
EGM W ′ →WZ → ℓν ℓ′ℓ′ 3 e,µ − Yes 20.3 1406.44561.52 TeVW′ mass
EGM W ′ →WZ → qqℓℓ 2 e,µ 2 j / 1 J − 20.3 ATLAS-CONF-2014-0391.59 TeVW′ mass
LRSM W ′

R → tb 1 e,µ 2 b, 0-1 j Yes 14.3 ATLAS-CONF-2013-0501.84 TeVW′ mass
LRSM W ′

R → tb 0 e,µ ≥ 1 b, 1 J − 20.3 to be submitted to EPJC1.77 TeVW′ mass

CI qqqq − 2 j − 4.8 η = +1 1210.17187.6 TeVΛ

CI qqℓℓ 2 e,µ − − 20.3 ηLL = −1 ATLAS-CONF-2014-03021.6 TeVΛ

CI uutt 2 e,µ (SS) ≥ 1 b, ≥ 1 j Yes 14.3 |C | = 1 ATLAS-CONF-2013-0513.3 TeVΛ

EFT D5 operator (Dirac) 0 e,µ 1-2 j Yes 10.5 at 90% CL for m(χ) < 80 GeV ATLAS-CONF-2012-147731 GeVM∗

EFT D9 operator (Dirac) 0 e,µ 1 J, ≤ 1 j Yes 20.3 at 90% CL for m(χ) < 100 GeV 1309.40172.4 TeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 1.0 β = 1 1112.4828660 GeVLQ mass
Scalar LQ 2nd gen 2 µ ≥ 2 j − 1.0 β = 1 1203.3172685 GeVLQ mass
Scalar LQ 3rd gen 1 e, µ, 1 τ 1 b, 1 j − 4.7 β = 1 1303.0526534 GeVLQ mass

Vector-like quark TT → Ht + X 1 e,µ ≥ 2 b, ≥ 4 j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018790 GeVT mass
Vector-like quark TT →Wb + X 1 e,µ ≥ 1 b, ≥ 3 j Yes 14.3 isospin singlet ATLAS-CONF-2013-060670 GeVT mass
Vector-like quark TT → Zt + X 2/≥3 e, µ ≥2/≥1 b − 20.3 T in (T,B) doublet ATLAS-CONF-2014-036735 GeVT mass
Vector-like quark BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B in (B,Y) doublet ATLAS-CONF-2014-036755 GeVB mass
Vector-like quark BB →Wt + X 2 e,µ (SS) ≥ 1 b, ≥ 1 j Yes 14.3 B in (T,B) doublet ATLAS-CONF-2013-051720 GeVB mass

Excited quark q∗ → qγ 1 γ 1 j − 20.3 only u∗ and d ∗, Λ = m(q∗) 1309.32303.5 TeVq∗ mass
Excited quark q∗ → qg − 2 j − 20.3 only u∗ and d ∗, Λ = m(q∗) to be submitted to PRD4.09 TeVq∗ mass
Excited quark b∗ →Wt 1 or 2 e,µ 1 b, 2 j or 1 j Yes 4.7 left-handed coupling 1301.1583870 GeVb∗ mass
Excited lepton ℓ∗ → ℓγ 2 e, µ, 1 γ − − 13.0 Λ = 2.2 TeV 1308.13642.2 TeVℓ∗ mass

LSTC aT →W γ 1 e, µ, 1 γ − Yes 20.3 to be submitted to PLB960 GeVaT mass
LRSM Majorana ν 2 e,µ 2 j − 2.1 m(WR ) = 2 TeV, no mixing 1203.54201.5 TeVN0 mass
Type III Seesaw 2 e,µ − − 5.8 |Ve |=0.055, |Vµ |=0.063, |Vτ |=0 ATLAS-CONF-2013-019245 GeVN± mass
Higgs triplet H±± → ℓℓ 2 e,µ (SS) − − 4.7 DY production, BR(H±± → ℓℓ)=1 1210.5070409 GeVH±± mass
Multi-charged particles − − − 4.4 DY production, |q| = 4e 1301.5272490 GeVmulti-charged particle mass
Magnetic monopoles − − − 2.0 DY production, |g | = 1gD 1207.6411862 GeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 7 TeV

√
s = 8 TeV

ATLAS Exotics Searches* - 95% CL Exclusion
Status: ICHEP 2014

ATLAS Preliminary∫
L dt = (1.0 - 20.3) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.
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TABLE III. Summary of systematic uncertainties on the ex-
pected numbers of events at a dilepton mass of mℓℓ = 2 TeV,
where n/a indicates that the uncertainty is not applicable.
Uncertainties < 3% for all values of mee or mµµ are neglected
in the respective statistical analysis.

Source (mℓℓ = 2 TeV) Dielectrons Dimuons
Signal Backgr. Signal Backgr.

Normalization 4% n/a 4% n/a
PDF variation n/a 11% n/a 12%
PDF choice n/a 7% n/a 6%
αs n/a 3% n/a 3%
Electroweak corr. n/a 2% n/a 3%
Photon-induced corr. n/a 3% n/a 3%
Beam energy < 1% 3% < 1% 3%
Resolution < 3% < 3% < 3% 3%
Dijet and W + jets n/a 5% n/a n/a
Total 4% 15% 4% 15%

TABLE IV. Summary of systematic uncertainties on the ex-
pected numbers of events at a dilepton mass of mℓℓ = 3 TeV,
where n/a indicates that the uncertainty is not applicable.
Uncertainties < 3% for all values of mee or mµµ are neglected
in the respective statistical analysis.

Source (mℓℓ = 3 TeV) Dielectrons Dimuons
Signal Backgr. Signal Backgr.

Normalization 4% n/a 4% n/a
PDF variation n/a 30% n/a 17%
PDF choice n/a 22% n/a 12%
αs n/a 5% n/a 4%
Electroweak corr. n/a 4% n/a 3%
Photon-induced corr. n/a 6% n/a 4%
Beam energy < 1% 5% < 1% 3%
Resolution < 3% < 3% < 3% 8%
Dijet and W + jets n/a 21% n/a n/a
Total 4% 44% 4% 23%

MS. However, such events are rare and the corresponding
systematic uncertainty is negligible over the entire mass
range considered. This is an improvement on previous
ATLAS publications [17], which used a very conservative,
and much larger, estimate: 6% at 2 TeV. In addition, the
uncertainty on the resolution due to residual misalign-
ments in the MS propagates to a change in the steeply
falling background shape at high dilepton mass and in the
width of signal line shape. The potential impact of this
uncertainty on the background estimate reaches 3% at
2 TeV and 8% at 3 TeV. The effect on the signal is negli-
gible. As for the dielectron channel, the momentum scale
uncertainty has negligible impact in the dimuon channel
search.

Mass-dependent systematic uncertainties that change
the expected number of events by at least 3% anywhere
in the mℓℓ distribution are summarized in Tables III and
IV for dilepton invariant masses of 2 TeV and 3 TeV,
respectively.
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FIG. 2. Dielectron (top) and dimuon (bottom) invariant
mass (mℓℓ) distributions after event selection, with two se-
lected Z′

SSM signals overlaid, compared to the stacked sum
of all expected backgrounds, and the ratios of data to back-
ground expectation. The bin width is constant in logmℓℓ.
The green band in the ratio plot shows the systematic uncer-
tainties described in Sec. IX.

X. COMPARISON OF DATA AND
BACKGROUND EXPECTATIONS

The observed invariant mass distributions, mee and
mµµ, are compared to the expectation from SM back-
grounds after final selection. To make this comparison,
the sum of all simulated backgrounds, with the rela-
tive contributions fixed according to the respective cross-
sections, is scaled such that the result agrees with the
observed number of data events in the 80 - 110 GeV
normalization region, after subtracting the data-driven
background in the case of the electron channel. The
scale factors obtained with this procedure are 1.02 in
the dielectron channel and 0.98 in the dimuon chan-
nel. It is this normalization approach that allows the
mass-independent uncertainties to cancel in the statisti-
cal analysis.
Figure 2 depicts themℓℓ distributions for the dielectron

and dimuon final states. The bin width of the histograms
is constant in logmℓℓ, chosen such that a possible signal
peak spans multiple bins and the shape is not impacted

Table 3: Expected and observed event yields in the dimuon channel. The predicted yields are shown for
SM background as well as for SM+CI for several CI signal scenarios. The quoted errors consist of both
the statistical and systematic uncertainties added in quadrature.

Process mµµ [GeV]

400 – 550 550 – 800 800 – 1200 1200 – 1800 1800 – 3000 3000 – 4500
Drell-Yan 670 ± 50 217 ± 18 45 ± 5 5.9 ± 0.8 0.58 ± 0.12 0.027 ± 0.008
Top quarks 128 ± 10 16.3 ± 1.4 1.66 ± 0.11 0.103 ± 0.007 < 0.005 < 0.002
Diboson 47.6 ± 2.7 15.3 ± 0.9 3.75 ± 0.26 0.556 ± 0.030 0.056 ± 0.005 < 0.003

Photon-Induced 34 ± 34 13 ± 13 3.3 ± 3.3 0.5 ± 0.5 0.07 ± 0.07 < 0.006

Total SM 880 ± 60 261 ± 22 54 ± 6 7.2 ± 1.0 0.71 ± 0.14 0.032 ± 0.009

Data 814 265 47 7 1 0

SM+CI (Λ−LL = 14 TeV) 900 ± 60 285 ± 23 70 ± 6 14.4 ± 1.2 2.89 ± 0.33 0.18 ± 0.04
SM+CI (Λ−LL = 20 TeV) 870 ± 60 265 ± 23 58 ± 6 10.0 ± 1.1 1.49 ± 0.18 0.103 ± 0.022
SM+CI (Λ−LR = 14 TeV) 930 ± 60 292 ± 23 79 ± 6 16.9 ± 1.4 3.9 ± 0.4 0.38 ± 0.08
SM+CI (Λ−LR = 20 TeV) 910 ± 60 281 ± 23 61 ± 6 10.7 ± 1.1 1.76 ± 0.20 0.139 ± 0.029
SM+CI (Λ−RR = 14 TeV) 900 ± 60 285 ± 23 70 ± 6 13.8 ± 1.2 2.80 ± 0.32 0.20 ± 0.04
SM+CI (Λ−RR = 20 TeV) 870 ± 60 265 ± 23 58 ± 6 10.1 ± 1.1 1.29 ± 0.17 0.09 ± 0.02

SM+CI (Λ+LL = 14 TeV) 870 ± 60 252 ± 23 51 ± 6 7.5 ± 1.0 1.45 ± 0.18 0.113 ± 0.023
SM+CI (Λ+LL = 20 TeV) 890 ± 60 247 ± 23 50 ± 6 6.4 ± 1.0 0.74 ± 0.15 0.048 ± 0.013
SM+CI (Λ+LR = 14 TeV) 860 ± 60 256 ± 23 57 ± 6 12.2 ± 1.1 2.79 ± 0.31 0.28 ± 0.06
SM+CI (Λ+LR = 20 TeV) 880 ± 60 252 ± 23 50 ± 6 7.5 ± 1.0 1.15 ± 0.16 0.092 ± 0.019
SM+CI (Λ+RR = 14 TeV) 870 ± 60 252 ± 23 51 ± 6 8.0 ± 1.0 1.36 ± 0.18 0.138 ± 0.026
SM+CI (Λ+RR = 20 TeV) 890 ± 60 247 ± 23 50 ± 6 6.5 ± 1.0 0.70 ± 0.15 0.052 ± 0.013
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Figure 1: Reconstructed dielectron (top) and dimuon (bottom) mass distributions for data and the SM
background estimate. Also shown are the predictions for a benchmark Λ value in the LL contact interac-
tion model and benchmark MS value in the GRW ADD model. The distribution bin width is constant in
log(mℓℓ) and has the total systematic uncertainty overlaid as a band on the ratio.
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Highest mass event ~ 1.9TeV 

Z’ ruled out up to ~ 2.9TeV CI ruled out up to /\ ~ 26TeV 

1 Introduction

Many theories beyond the Standard Model (SM) predict new phenomena which give rise to dilepton final
states, such as new resonances. These have been searched for using the ATLAS detector and are reported
elsewhere [1]. In this paper, a complementary search is performed for new phenomena that appear as
broad deviations from the SM in the dilepton invariant mass distribution or in the angular distribution of
the leptons (where the leptons considered in this analysis are electrons or muons). The phenomena under
investigation are contact interactions (CI) and large extra dimensions (LED).

2 Theoretical Motivation

The presence of a new interaction can be detected at an energy much lower than that required to produce
direct evidence of the existence of a new gauge boson. The charged weak interaction responsible for
nuclear β decay provides such an example. A non-renormalizable description of this process was suc-
cessfully formulated by Fermi in the form of a four-fermion contact interaction [2]. A contact interaction
can also accommodate deviations in proton-proton scattering due to quark and lepton compositeness,
where a characteristic energy scale Λ corresponds to the binding energy between fermion constituents.
A new interaction or compositeness in the process qq → ℓ+ℓ− can be described by the following four-
fermion contact interaction Lagrangian [3, 4]:

L = g
2

Λ2
[ ηLL (qLγµqL) (ℓLγµℓL)
+ηRR (qRγµqR) (ℓRγµℓR)
+ηLR (qLγµqL) (ℓRγµℓR)
+ηRL (qRγµqR) (ℓLγµℓL) ] ,

where g is a coupling constant chosen by convention to satisfy g2/4π = 1, Λ is the contact interaction
scale, and qL,R and ℓL,R are left-handed and right-handed quark and lepton fields, respectively. The
parameters ηi j, where i and j are L or R (left or right), define the chiral structure of the new interaction.
Different chiral structures are investigated here, with the left-right model obtained by setting ηLR =
ηRL = ±1 and ηLL = ηRR = 0. Likewise, the left-left and right-right models are obtained by setting
the corresponding parameters to ±1, and the others to zero. The sign of ηi j determines whether the
interference is constructive (ηi j = −1) or destructive (ηi j = +1). The cross section for the process
qq→ ℓ+ℓ− in the presence of contact interactions can be written as:

σtot = σDY − ηi j
FI
Λ2
+
FC
Λ4
, (1)

where the first term accounts for the qq → Z/γ∗ → ℓ+ℓ− Drell-Yan (DY) process, the second term
corresponds to the interference between the DY and CI processes, and the third term describes the pure
CI process. These two latter terms include functions of the cross sections FI and FC , respectively, which
do not depend on Λ. The relative impact of the interference and pure CI terms depends on both the
dilepton mass and Λ. For example, the magnitude of the interference term for dilepton masses above
600 GeV is about twice as large as that of the pure CI term at Λ = 14 TeV; the interference becomes
increasingly dominant for higher values of Λ.

A solution to the vast hierarchy between the electroweak (EW) and Planck scales has been proposed
by Arkani-Hamed, Dimopoulos and Dvali (ADD) [5]. In this model, gravity is allowed to propagate
in large flat extra spatial dimensions, thereby diluting its apparent effect in 3+1 spacetime dimensions.
The flat n extra dimensions are of common size R (∼1 µm – 1 mm, for n = 2) and compactified on an n-
dimensional torus. The fundamental Planck scale in (4+n)-dimensions, MD, is related to the Planck scale,

1

… 

arXive:1405.4123 ATLAS-CONF-2014-030 

e+e- µ+µ- 

• Des particules lourdes 
qui se désintègrent à 
l’intérieur du détecteur 
en des ensembles de 
particules observables 
(pics de masse invariante)	



• On peut les produire 
toutes seules (par ex Z’) 
ou par paires (par ex 
quarks lourds)	



• Pas d’observation -> des 
limites sur les masses

Première possibilité : des 
résonances
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Mono-X Searches 

Search for Dark Matter in Events with a Hadronically Decaying W or Z Boson and
Missing Transverse Momentum in pp Collisions at

p
s = 8 TeV with the ATLAS

Detector

ATLAS Collaboration

A search is presented for dark matter pair production in association with a W or Z boson in
pp collisions representing 20.3 fb�1 of integrated luminosity at

p
s = 8 TeV using data recorded

with the ATLAS detector at the Large Hadron Collider. Events with a hadronic jet with the jet
mass consistent with a W or Z boson, and with large missing transverse momentum are analyzed.
The data are consistent with the standard model expectations. Limits are set on the mass scale in
e↵ective field theories that describe the interaction of dark matter and standard model particles, and
on the cross section of Higgs production and decay to invisible particles. In addition, cross section
limits on the anomalous production of W or Z bosons with large missing transverse momentum are
set in two fiducial regions.

PACS numbers: 13.85.Rm,14.70.Fm,14.70.Hp,14.80.Bn,95.35.+d

Although the presence of dark matter in the Universe
is well established, little is known of its particle nature
or its nongravitational interactions. A suite of experi-
ments is searching for a weakly interacting massive par-
ticle (WIMP), denoted by �, and for interactions between
� and standard model (SM) particles [1].

One critical component of this program is the search
for pair production of WIMPs at particle colliders, specif-
ically pp ! ��̄ at the Large Hadron Collider (LHC) via
some unknown intermediate state. These searches have
greatest sensitivity at low WIMP mass m�, where direct
detection experiments are less powerful. At the LHC, the
final-state WIMPs are invisible to the detectors, but the
events can be detected if there is associated initial-state
radiation of a SM particle [2]; an example is shown in
Fig. 1.

The Tevatron and LHC collaborations have reported
limits on the cross section of pp ! ��̄ + X where X
is a hadronic jet [2–4] or a photon [5, 6]. Other LHC
data have been reinterpreted to constrain models where
X is a leptonically decaying W [7] or Z boson [8, 9]. In
each case, limits are reported in terms of the mass scale
M⇤ of the unknown interaction expressed in an e↵ective
field theory as a four-point contact interaction [10–18].
In the models considered until now, the strongest lim-
its come from monojet analyses, due to the large rate
of gluon or quark initial-state radiation relative to pho-
ton, W or Z boson radiation. The operators studied in
these monojet and monophoton searches assume equal
couplings of the dark matter particles to up-type and
down-type quarks [C(u) = C(d)]. For W boson radia-
tion there is interference between the diagrams in which
the W boson is radiated from the u quark or the d quark.
In the case of equal coupling, the interference is destruc-
tive and gives a smallW boson emission rate. If, however,
the up-type and down-type couplings have opposite signs
[C(u) = �C(d)] to give constructive interference, the rel-

ative rates of gluon, photon, W or Z boson emission can
change dramatically [7], such that mono-W -boson pro-
duction is the dominant process.
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FIG. 1: Pair production of WIMPs (��̄) in proton–proton
collisions at the LHC via an unknown intermediate state, with
initial-state radiation of a W boson.

In this Letter, a search is reported for the production
of W or Z bosons decaying hadronically (to qq̄0 or qq̄,
respectively) and reconstructed as a single massive jet
in association with large missing transverse momentum
from the undetected ��̄ particles. This search, the first
of its kind, is sensitive to WIMP pair production, as well
as to other dark-matter-related models, such as invisible
Higgs boson decays (WH or ZH production with H !
��̄).

The ATLAS detector [19] at the LHC covers the pseu-
dorapidity [20] range |⌘| < 4.9 and the full azimuthal an-
gle �. It consists of an inner tracking detector surrounded
by a thin superconducting solenoid, electromagnetic and
hadronic calorimeters, and an external muon spectrom-
eter incorporating large superconducting toroidal mag-
nets. A three-level trigger system is used to select inter-
esting events for recording and subsequent o✏ine analy-
sis. Only data for which beams were stable and all sub-
systems described above were operational are used. Ap-
plying these requirements to pp collision data, taken at
a center-of-mass energy of

p
s = 8 TeV during the 2012
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both s-channel and Wt production. The single-top, t-
channel process is generated with acermc3.8 [38] inter-
faced to pythia8.1 [39], using the CTEQ6L1 [40] PDF
with the AUET2B [35] tune. The diboson (ZZ, WZ,
and WW ) samples are produced using herwig6.520 and
jimmy4.31 with the CTEQ6L1 PDF and AUET2 tune.

Background contributions from multijet production in
which large Emiss

T

is due to mismeasured jet energies are
estimated by extrapolating from a sample of events with
two jets and are found to be negligible [3].

Samples of simulated pp ! W��̄ and pp ! Z��̄
events are generated using madgraph5 [41], with show-
ering and hadronization modeled by pythia8.1 using the
AU2 [35] tune and CT10 PDF, including b quarks in the
initial state. Four operators are used as a representa-
tive set based on the definitions in Ref. [14]: C1 scalar,
D1 scalar, D5 vector (both the constructive and destruc-
tive interference cases), and D9 tensor. In each case,
m� = 1, 50, 100, 200, 400, 700, 1000, and 1300 GeV are
used. The dominant sources of systematic uncertainty
are due to the limited number of events in the control re-
gion, theoretical uncertainties in the simulated samples
used for extrapolation, uncertainties in the large-radius
jet energy calibration and momentum resolution [23], and
uncertainties in the Emiss

T

. Additional minor uncertain-
ties are due to the levels of initial-state and final-state
radiation, parton distribution functions, lepton recon-
struction and identification e�ciencies, and momentum
resolution.

The data and predicted backgrounds in the two sig-
nal regions are shown in Table I for the total number of
events and in Fig. 3 for the m

jet

distribution. The data
agree well with the background estimate for each Emiss

T

threshold. Exclusion limits are set on the dark matter
signals using the predicted shape of the m

jet

distribution
and the CLs method [42], calculated with toy simulated
experiments in which the systematic uncertainties have
been marginalized. Figure 4 shows the exclusion regions
at 90% confidence level (C.L.) in the M⇤ vs m� plane for
various operators, where M⇤ need not be the same for
the di↵erent operators.

TABLE I: Data and estimated background yields in the two
signal regions. Uncertainties include statistical and system-
atic contributions.

Process E

miss
T > 350 GeV E

miss
T > 500 GeV

Z ! ⌫⌫̄ 402+39
�34 54+8

�10

W ! `

±
⌫, Z ! `

±
`

⌥ 210+20
�18 22+4

�5

WW,WZ,ZZ 57+11
�8 9.1+1.3

�1.1

tt̄, single t 39+10
�4 3.7+1.7

�1.3

Total 707+48
�38 89+9

�12

Data 705 89

Limits on the dark matter–nucleon scattering cross sec-
tions are reported using the method of Ref. [14] in Fig. 5
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FIG. 3: Distribution of mjet in the data and for the predicted
background in the signal regions (SR) with E

miss
T > 350 GeV

(top) and E

miss
T > 500 GeV (bottom). Also shown are the

combined mono-W -boson and mono-Z-boson signal distribu-
tions with m� = 1 GeV and M⇤ = 1 TeV for the D5 destruc-
tive and D5 constructive cases, scaled by factors defined in
the legends. Uncertainties include statistical and systematic
contributions.
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each operator, the values below the corresponding line are
excluded.

for both the spin-independent (C1, D1, D5) and the spin-
dependent interaction model (D9). References [14, 50]
discuss the valid region of the e↵ective field theory, which
becomes a poor approximation if the mass of the interme-
diate state is below the momentum transferred in the in-
teraction. The results are compared with measurements
from direct detection experiments [43–49].
This search for dark matter pair production in asso-

ciation with a W or Z boson extends the limits on the
dark matter–nucleon scattering cross section in the low

10 6 Results

Table 7: Summary of the contributions (in %) to the total uncertainty on the W+jets background
from the various factors used in the data-driven estimation.

Emiss
T ( GeV) > 250 > 300 > 350 > 400 > 450 > 500 > 550

Statistics (Nobs) 0.9 1.3 2.0 2.9 4.0 5.5 7.5
Background (Nbgd) 2.5 2.3 1.9 2.1 2.1 1.9 2.4
Acceptance and efficiency 2.0 2.0 2.2 2.4 2.8 3.3 4.1
PDFs 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Total 3.9 3.9 4.1 4.9 6.0 7.6 10.1

Table 8: SM background predictions compared with data after passing the selection require-
ments for various Emiss

T thresholds, corresponding to an integrated luminosity of 19.5 fb�1.
The uncertainties include both statistical and systematic terms and are considered to be un-
correlated. In the last two rows, expected and observed 95% confidence level upper limits on
possible contributions from new physics passing the selection requirements are given.

Emiss
T ( GeV) ! > 250 > 300 > 350 > 400 > 450 > 500 > 550

Z(nn)+jets 30600 ± 1493 12119 ± 640 5286 ± 323 2569 ± 188 1394 ± 127 671 ± 81 370 ± 58
W+jets 17625 ± 681 6042 ± 236 2457 ± 102 1044 ± 51 516 ± 31 269 ± 20 128 ± 13
tt̄ 470 ± 235 175 ± 87.5 72 ± 36 32 ± 16 13 ± 6.5 6 ± 3.0 3 ± 1.5
Z(``)+jets 127 ± 63.5 43 ± 21.5 18 ± 9.0 8 ± 4.0 4 ± 2.0 2 ± 1.0 1 ± 0.5
Single t 156 ± 78.0 52 ± 26.0 20 ± 10.0 7 ± 3.5 2 ± 1.0 1 ± 0.5 0 ± 0
QCD Multijets 177 ±88.5 76 ±38.0 23 ±11.5 3 ±1.5 2 ±1.0 1 ± 0.5 0 ± 0
Total SM 49154 ± 1663 18506 ± 690 7875 ± 341 3663 ± 196 1931 ± 131 949 ± 83 501 ± 59
Data 50419 19108 8056 3677 1772 894 508
Exp. upper limit 3580 1500 773 424 229 165 125
Obs. upper limit 4695 2035 882 434 157 135 131

certainties on the acceptance from PDFs, and (iv) the uncertainty in the selection efficiency e as
determined from the difference in measured efficiency between data and simulation. A sum-
mary of the contributions of these uncertainties to the total error on the W+jets background is
shown in Table 7.

Background contributions from QCD multijet events, top and Z(``)+jets production are small.
QCD events are normalised to the cross section measured in dijet events, tt̄ events are nor-
malised to the measured cross section in the tt̄ inclusive cross section measurement and Z(``)+jets
are normalised using the comparison between data and MC in the Z(µµ) control sample after
applying the monojet selection. A 50% uncertainty is assigned to these background predictions.

6 Results

A summary of the predictions and corresponding uncertainties for all the SM backgrounds
compared to the data for different values of the Emiss

T cut are shown in Table 8. Also shown in
Table 9 are the number of events from representative signal points for ADD, dark matter and
Unparticles that pass the selection requirements for various Emiss

T thresholds.

The Emiss
T cut is optimised by using representative model points from the three signal scenarios.

The best expected limits are found to be at Emiss
T > 400 GeV for ADD and dark matter and

Emiss
T > 350 GeV for Unparticle models.

The total systematic uncertainty on the signal is found to be 20% for dark matter, ADD and
Unparticles. The sources of systematic uncertainty considered are: jet energy scale, PDFs,
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of ZZ background, e↵ective theories of dark-matter interac-
tion with a qq̄ initial state (D1, D5, and D9 [10]) and inter-
action with a Z/�

⇤ intermediate state [13], and the scalar-
mediator theory. The shapes of ZZ��-no-�⇤ and ZZ��-
maximal-�⇤ are similar, as are the shapes of D9 and the
dimension-5 ZZ�� EFT, so only one of each is plotted. Each
distribution is normalized to unit area. The mass of the scalar
mediator, m⌘ is 1 TeV, and the dark-matter particle mass is
m� = 200 GeV.

representative operators and for the scalar-mediator the-
ory with representative coupling constant, f = 6, and
m

⌘

= 1 TeV are given in Table I.

TABLE I. The power dependence of 1/M? for the EFT and
the cross sections of WIMP production in association with an
on-shell Z boson for various EFT operators and the scalar-
mediator theory are shown. For the calculation of the pro-
duction cross section, M? is taken to be 1 TeV for the EFT
operators. The coupling constant of the scalar-mediator the-
ory, f , is taken to be 6 and the mass of the mediator, m⌘, is
1 TeV.

D5 D9 ZZ��

max. �⇤
Scalar

mediator
m� [GeV] Cross sections [fb]

10 7.1 120 3.1 810
200 5.6 89 2.0 300
400 3.1 47 0.83 70
1000 0.25 3.4 0.023 -

M

�1
? power 2 2 3 -

Samples of pp ! Z��̄ events are propagated through
the ATLAS detector using the full simulation of the ID
and muon trackers and the parameterized simulation of
the calorimeter [30], tuned to full simulation and data.
The shapes of the simulated Emiss

T

distributions for the
signal operators are shown in Fig. 2 compared to the
dominant SM background process ZZ ! `+`�⌫̄⌫.

Contributions to the systematic uncertainty of the ex-
pected SM backgrounds are due largely to experimental

sources a↵ecting the Emiss

T

measurement and to the e�-
ciencies for the reconstruction and identification of elec-
trons and muons. For example, when Emiss

T

>120 GeV,
the experimental systematic uncertainty for the ZZ back-
ground is dominated by the jet–energy scale (1.7% and
2.3% for electron and muon final states, respectively) and
the electron and muon momentum scale (2.3% and 0.8%,
respectively). Smaller systematic uncertainties are asso-
ciated with the Emiss

T

measurement and with the e�cien-
cies for the reconstruction and identification of electrons
and muons.
For the dominant background, ZZ ! `+`�⌫̄⌫, de-

termined from simulated samples, systematic theoretical
uncertainties are derived from the generator di↵erences,
QCD factorization and renormalization scales, and PDF
modeling. The largest theoretical uncertainty, the gener-
ator di↵erence, is evaluated as the di↵erence in yields cal-
culated from samples simulated with SHERPA 1.4.1 [35]
and POWHEG BOX. The systematic uncertainties asso-
ciated with the ZZ background are summarized in Ta-
ble II for each signal region. The luminosity uncertainty
is 2.8% and is derived from beam-separation scans per-
formed following the procedure described in Ref. [36].

TABLE II. Summary of the systematic uncertainties for the
largest background process: (ZZ ! `

+
`

�
⌫̄⌫). Statistical un-

certainties are from MC simulation sample size.

Uncertainty Source
E

miss
T threshold [GeV]

150 250 350 450
Statistical [%] 2 6 13 24
Experimental [%] 3 6 9 8
Theoretical [%] 35 35 35 35
Luminosity [%] 3 3 3 3
Total [%] 35 36 38 43

The expected background and observed yields are re-
ported in Table III. Figure 3 shows the Emiss

T

distribution
after applying all selection requirements other than the
Emiss

T

thresholds for the observed data, the expected SM
backgrounds, and the hypothetical pp ! Z��̄ signals for
various values of the mass scale.

TABLE III. Observed yields and expected SM backgrounds
in each signal region. Statistical, systematic, and luminosity
uncertainties are added in quadrature to give the total back-
ground estimate and uncertainties.

Process
E

miss
T threshold [GeV]

150 250 350 450
ZZ 41± 15 6.4± 2.4 1.3± 0.5 0.3± 0.1
WZ 8.0± 3.1 0.8± 0.4 0.2± 0.1 0.1± 0.1

WW , tt̄, Z ! ⌧

+
⌧

� 1.9± 1.4 0+0.7
�0.0 0+0.7

�0.0 0+0.7
�0.0

Z+jets 0.1± 0.1 – – –
W+jets 0.5± 0.3 – – –
Total 52± 18 7.2± 2.8 1.4± 0.9 0.4+0.7

�0.4

Data 45 3 0 0

  SM bkg for ~ MET > 350GeV  
       jet : W/Z hadronic : Z(ll) 
10,000 :       1,000         : 1 
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Search for dark matter in events with a Z boson and missing transverse momentum in

pp collisions at

p
s = 8 TeV with the ATLAS detector

(Dated: April 9, 2014)

A search is presented for production of dark matter particles recoiling against a leptonically
decaying Z boson in 20.3 fb�1 of pp collisions at

p
s = 8 TeV with the ATLAS detector at the Large

Hadron Collider. Events with large missing transverse momentum and two oppositely-charged
electrons or muons consistent with the decay of a Z boson are analyzed. No excess above the
Standard Model prediction is observed. Limits are set on the mass scale of the contact interaction
as a function of the dark matter particle mass using an e↵ective field theory description of the
interaction of dark matter with quarks or with Z bosons. Limits are also set on the coupling and
mediator mass of a model in which the interaction is mediated by a scalar particle.

PACS numbers: 13.85.Rm,14.70.Hp,14.80.Nb

Astrophysical measurements indicate the existence of
non-baryonic dark matter [1, 2]. However, collider based
searches, nuclear scattering experiments, and searches for
particles produced from dark-matter annihilation have
not yet revealed its particle nature nor discovered its
non-gravitational interactions, if they exist [3]. Collider-
based searches for weakly interacting massive particles
(WIMPs, denoted as �), specifically pp ! ��̄+X at the
Large Hadron Collider (LHC) via some unknown inter-
mediate state, are an important facet of the experimen-
tal program and provide sensitivity over a broad range of
values of the WIMP mass, m

�

, including for low masses
where direct detection experiments are less sensitive. The
presence of dark-matter particles, not directly observable
in a collider detector, can be inferred from their recoil
against Standard Model (SM) particles. The LHC col-
laborations have reported limits on the cross section for
the process that includes initial state radiation (ISR),
pp ! ��̄+X, where the ISR component X is a hadronic
jet [4, 5], a photon [6, 7], or a W or Z boson decaying
hadronically [8]. Limits on dark matter produced in the
decay of the Higgs boson have also been reported [9]. In
this analysis, limits are set using the final state of a Z
boson decaying to two oppositely charged electrons or
muons, plus missing transverse momentum, Emiss

T

.
Since the nature of the intermediate state mediating

the parton–WIMP interaction is not known, a useful ap-
proach is to construct an e↵ective field theory (EFT) [10–
12]. EFTs have often been used to describe interactions
between dark-matter particles and quarks or gluons, but
they have recently been extended to describe direct inter-
actions with electroweak bosons [13–15]. In the context
of the EFT framework, the WIMP is considered to be
the only new particle accessible at LHC energies, in ad-
dition to the SM fields. The mediator of the interaction
is assumed to be heavy compared to the typical parton
interaction energies involved, and the dark-matter parti-
cles are also assumed to be produced in pairs.

The EFTs considered in this analysis, depicted in
Fig. 1, are expressed in terms of two parameters: m

�

and
a mass scale, M

?

, described in Ref. [10]. M
?

parameter-
izes the coupling between the WIMP and SM particles,
where the coupling strength is normalized, or in inverse
proportion, to the heavy-mediator mass scale. The coef-
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FIG. 1. The diagrams showing di↵erent types of pp ! ��̄+Z

production modes considered in this analysis [13]. Figure (a)
shows a diagram that includes an ISR operator, and figure
(b) shows a diagram that includes a ZZ�� operator.

ficients of the Lagrangian’s interaction terms appear as
powers of M

?

, e.g. for the D1 operator as 1/M3

?

and for
the D5 and D9 operators as 1/M2

?

. The definition of the
D1, D5, and D9 operators and the region of validity of
the EFT limits are discussed in Ref. [10, 16].
Following the approach of Ref. [13], the coupling of

dark matter to electroweak bosons is considered for
dimension-5 and dimension-7 operators. The dimension-
7 operator couples dark matter to Z�⇤ as well as ZZ.
Since a Z boson is in the final state for each operator,
intermediate states with a Z or �⇤ each contribute to the
matrix element. The relative contribution of the Z and
�⇤ diagrams is a parameter of the theory.
This analysis considers models of dark-matter produc-

tion where a Z boson is radiated as ISR or interacts di-
rectly with WIMPs. The latter case of an interaction
between a Z-boson and a WIMP is a process not previ-
ously investigated in the analysis of LHC experiments.
To complement the EFT analysis, this paper also ex-

amines the results in terms of a model in which the in-
termediate state is specified [17]. In this model a scalar-
mediator ⌘, with mass m

⌘

, and a scalar–WIMP coupling
strength f is responsible for the production of the dark-
matter particles. The mediator ⌘ transforms as a color
triplet and an electroweak doublet, and has a hyper-
charge of 1/3. The production cross section is propor-

Decreasing fraction of single boson bkg 
Increasing fraction of di-boson bkg  

ATLAS, arXive: 1404.0051 ATLAS, arXive: 1309.4017 CMS-EXO-12-048 

Mono-X 90% C.L. limit 
Interpretations 
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Mass [GeV] stheor [pb] s [fb] L [GeV] sc�nucleon [cm2]
1 2.4561e-7 7.9(10.5) 746(694 3.1e-41(4.1e-41)

10 2.4685e-7 7.9(11.0) 748(688) 9.6e-41(1.3e-40)
100 2.1842e-7 8.2(10.7) 718(671) 1.3e-40(1.7e-40)
200 1.6313e-7 6.7(9.5) 702(643) 1.5e-40(2.0e-40)
300 1.1254e-7 5.8(8.5) 663(604) 1.8e-40(2.6e-40)
500 4.8798e-8 5.5(8.1) 544(495) 4.0e-40(5.9e-40)
1000 4.2131e-9 5.3(7.7) 298(272) 4.5e-39(6.5e-39)

Table 5: Theoretical dark-matter production cross section where generated photon transverse
momentum is greater than 130 GeV and cut-off scale L is 10 TeV, Observed (expected) 90% CL
upper limits on the dark-matter production cross section s, 90% CL lower limits on the cut-
off scale L and the 90% CL upper limits on the c � nucleon cross section for the axial vector
operator as a function of the dark-matter mass.
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Figure 5: The 90% CL upper limits on the c-nucleon cross section as a function of Mc for (a)
spin-independent and (b) spin-dependent scattering. Also shown are the limits from selected
experiments with published [32–41] results.

few TeV, assuming unity for the couplings gc and gq.

95% CL upper limits are also placed on the ADD and Branon cross sections and translated
into exclusions on the parameter space of the model. For ADD, the limits on MD are placed
which are summarized in Table 6. Masses MD < 2.30 TeV are excluded at 95% CL for n = 3.
These limits, along with existing LO ADD limits from the Tevatron [42, 43] and LEP [44], are
shown in Fig. 6 as a function of MD, for n = 4 and n = 6 extra dimensions. These results
extend significantly the limits on the ADD model in the single-photon channel beyond previous
measurements, and set limits of MD > 2.30–2.00 TeV for n = 3–6 at 95% CL.

Limits on f for branons are summarized in Table 7. For massless branons the brane tension f
is found to be greater than 412 GeV. These limits along with the existing limits from LEP, are
shown in Fig. 7. Branon masses MB < 3.5 TeV are excluded at 95% CL for low brane tension
(20 GeV). These bounds are the most stringent to date on the possible existence of branons.

fkw’s representation of ATLAS W/Z hadronic  
for extreme values of the Interference effect 

• Des particules lourdes qui ne 
se désintègrent pas à 
l’intérieur du détecteur 	



• Peuvent se manifester par de 
l’énergie manquante 
transverse si émise en même 
temps qu’une autre 
« particule » (W, Z, jet) 	



• Des limites sur les masses et 
les sections efficaces qui 
peuvent se comparer aux 
recherches hors accélérateur

Deuxième possibilité : de la 
matière noire
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Recherches résumées dans des contraintes sur les 
échelles de masses des résonances… 

dépendant du modèle choisi
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Variation : des particules 
supersymétriques (par 
exemple les partenaires du 
top et des bosons de jauge 
electrofaibles) 

• Des particules lourdes qui 
engendrent une cascade de 
désintégration, avec en bout 
de course des particules 
supersymétriques qui 
échappent à la détection.	



• Interprétation possible dans 
des versions spécifiques de la 
supersymétrie, comme le 
Constrained Minimal 
Supersymmetric Standard 
Model
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃) 1405.78751.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e, µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV, m(1st gen. q̃)=m(2nd gen. q̃) 1405.7875850 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV 1405.78751.33 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1

1 e, µ 3-6 jets Yes 20.3 m(χ̃
0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2013-0621.18 TeVg̃

g̃g̃, g̃→qq(ℓℓ/ℓν/νν)χ̃
0
1

2 e, µ 0-3 jets - 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB (ℓ̃ NLSP) 2 e, µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 20.3 tanβ >20 1407.06031.6 TeVg̃

GGM (bino NLSP) 2 γ - Yes 20.3 m(χ̃
0
1)>50 GeV ATLAS-CONF-2014-0011.28 TeVg̃

GGM (wino NLSP) 1 e, µ + γ - Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 0-3 jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(G̃)>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<400 GeV 1407.06001.25 TeVg̃

g̃→tt̄χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <350 GeV 1308.18411.1 TeVg̃
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1

0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<400 GeV 1407.06001.34 TeVg̃
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±
1 1-2 e, µ 1-2 b Yes 4.7 m(χ̃
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0
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1 , χ̃
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χ̃±
1
χ̃0
2→Wχ̃

0
1h χ̃

0
1

1 e, µ 2 b Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1 ,
χ̃0
2

χ̃0
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χ̃0
3, χ̃

0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃
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2)=m(χ̃

0
3), m(χ̃

0
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Direct χ̃
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Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584832 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 4.7 0.4<τ(χ̃
0
1)<2 ns 1304.6310230 GeVχ̃0

1

q̃q̃, χ̃
0
1→qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <cτ<156 mm, BR(µ)=1, m(χ̃

0
1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp→ν̃τ + X, ν̃τ→e + µ 2 e, µ - - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X, ν̃τ→e(µ) + τ 1 e, µ + τ - - 4.6 λ′

311
=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.35 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ121!0 1405.5086750 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133!0 1405.5086450 GeVχ̃±

1

g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃

g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.250850 GeVg̃

Scalar gluon pair, sgluon→qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon→tt̄ 2 e, µ (SS) 2 b Yes 14.3 ATLAS-CONF-2013-051350-800 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10−1 1
√
s = 7 TeV
full data

√
s = 8 TeV

partial data

√
s = 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: ICHEP 2014

ATLAS Preliminary
√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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Searches for New Physics in flavour 

Contribution of NP as correction to the SM 

What is the scale of ΛNP? What is its coupling cNP? 
Johannes Albrecht 
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Sensitivity to the di↵erent SM & NP contributions through decay
rates, angular observables and CP asymmetries.
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Test of lepton universality 

•  In the SM, couplings to all leptons are universal 
  

•  Test lepton universality in B+ → K+ µ+µ� / B+ → K+ e+e- &

•  Selection of the B+ → K+ e+e- decay experimentally 
challenging due to bremsstrahlung emission from e± 

 

Johannes Albrecht 

Lepton universality?

If a Z

0 is responsible for the anomoly in P

0
5, does it couple equally to

all flavours of leptons?
Dominant SM processes couple with equal strength to leptons:

RK =

R q2=6 GeV2/c4

q2=1 GeV2/c4 (dB[B+ ! K+µ+µ�]/dq2)dq2

R q2=6 GeV2/c4

q2=1 GeV2/c4 (dB[B+ ! K+e+e�]/dq2)dq2
= 1 ± O(10�3) .

Selection of the B

+ ! K

+
e

+
e

� decay is experimentally challenging,
due to bremstrahlung emission from the e

±.

B+ ! J/ (! e+e�)K+

and B+ ! K+e+e�

candidates triggered by
the e±.
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B+ → J/ψ(e+e-) K+& B+ → K+ e+e-&

Candidates 
triggered by the e± 

8. July 2014 

SM SM: JHEP 12 (2007) 040 
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•  Correct for bremsstrahlung using 
calorimeter photons (ET>75MeV) 

•  Migration of events into/out of 
the 1 < q2 < 6 GeV2 region  
corrected using MC 

•  Double ratio with resonant decay 
B+ → J/ψ(e+e-) K+ measured 

•  In 3fb-1 LHCb determines 
 
 
(consistent with SM at 2.6σ) 

 

Johannes Albrecht 

Test of lepton universality 
Lepton universality?

Correct for bremstrahlung using
calorimeter photons
(with ET > 75MeV).

Migration of events into/out-of the
1 < q

2 < 6GeV

2/c

4 window is
corrected using MC.

Take double ratio with
B

+ ! J/ K

+ decays to cancel
possible systematic biases.

In 3 fb�1 LHCb determines
RK = 0.745+0.090

�0.074(stat)+0.036
�0.036(syst)

which is consistent with SM at 2.6�.
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Lepton universality?

Correct for bremstrahlung using
calorimeter photons
(with ET > 75MeV).

Migration of events into/out-of the
1 < q

2 < 6GeV

2/c

4 window is
corrected using MC.

Take double ratio with
B

+ ! J/ K

+ decays to cancel
possible systematic biases.

In 3 fb�1 LHCb determines
RK = 0.745+0.090
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which is consistent with SM at 2.6�.
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• Désintégrations du b observées à LHCb.	



• Processus rares, supprimés dans le MS, 
potentiellement très sensibles aux effets de 
Nouvelle Physique	



• Plusieurs déviations dans des processus b->s ll 
(B->K*mu mu, B->K mu mu)	



• Résultats récents sur l’universalité leptonique 
pour B->Kll, déviant du MS

Une autre approche :  processus de basse énergie, 
sensibles à des particules plus lourdes



Neutrinos, matière noire,  
et autres sujets à discussion



Srubabati Goswami  

      New data from reactor experiments Double-Chooz, Daya-bay, Reno      
 

       Excess around 5 MeV in RENO and Double-Chooz  
 

•     New data from ICECUBE, MINOS+ , SK4  atmospheric  
 

      SK4  1306 day energy and zenith spectrum  for solar  
 

           T2K disappearance data  

New data in 2014  

Neutrino Phenomenology 7 

Talks by M. Schiozawa , H. Sekiya  (SK),  J. Haser (Double-CHOOZ, W. Wang(Daya-Bay),  in ICHEP 2014 

Srubabati Goswami  

Three Neutrino  Parameters  

Neutrino Phenomenology 5 

  3 masses,  3 mixing angles and 1 Dirac +2 Majorana phases  

Two possible mass orderings  

 Oscillation experiments not sensitive 
 to Majorana phases  

Oscillation experiments sensitive to mass  
squared differences  
 

2 2 2 2 2 2
21 2 1 31 3 1,m m m m m m'  � '  �

Srubabati Goswami  

    
           Solar Neutrinos :   
             Cl , Gallex/GNO/SAGE ,  
             SK ,SNO, Borexino  
    

          Atmospheric Neutrinos  
             Superkamiokande   

          Accelerator Neutrinos  
          K2K, MINOS ,T2K 
                                 
 
              
            Reactor Neutrinos   
  
                
                                          
      

A snapshot of the oscillation experiments  

6 Neutrino Phenomenology 

Global analysis of data  

2
12 21 13, ,mT T' Solar + KamLAND 

2
31 13,m T' Reactor  

2
31 23 13, , , CPm T T G' Atmospheric +LBL 

Interplay among different sectors  
because of  
 

13T
KamLAND,Palo-Varde 
CHOOZ,Double-CHOOZ 

Combinaison d’expériences 
d’oscillation: apparition ou disparition, 

différentes longueurs, différentes 
sources…


