
First look at 13 TeV data for the
Exotic dilepton search using the ATLAS Detector.
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Theoretical Motivation
Many theories Beyond the Standard Model (BSM) predict new phenomena 
which give rise to dilepton final states, such as narrow resonances or broad 

non-resonant deviations from the SM in the dilepton invariant mass spectrum.

Zʹ Contact Interactions (CI)
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What are we searching for?

Contact Interaction

● Four fermion contact interaction

● Example new physics is quark lepton 
compositness

● Λ is scale of new physics.

● Three parametrisations of the model 
dependent on the coupling of fermions.

● Formalisms: Left-left (LL), right-right (RR) 
and left-right (LR) isoscalar models.
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● Graviton model in the presence of 
Large extra-spacial dimensions

● Kaluza-Klein towers produced close 
together forming non-resonant excess.

● Parametrised by Ms the new physics 

cut-off scale.

● Formalisms: GRW, HLZ and Hewett   
(n = number of extra dimensions)
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• q-𝓁 compositeness, depending on energy scale, Λ.

• Broad excess over the SM invariant mass spectrum.

• Interaction describes a color and isospin singlet with 
couplings to L/R- handed fermion states.

• ηXY describes whether the interference is 
constructive (-), or destructive (+), and the couplings 
i.e. ηLL = 1, ηRR = ηLR = 0

• Additional Spin-1 Gauge Boson.

• SSM: Simple extension to the SM invoking an 
additional heavy boson, with same couplings as Z.

• Also motivated by Grand Unified Theories (GUT), such 
as E6. Depends on θ mixing of additional U(1) states.

• Six commonly motivated values for θ lead to different 
models with specific Zʹ states named: 

SM Forces New PhysicsGUT Decomposition
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Run-I Results

Resonant

Resonant

Non-ResarXiv:1405.4123
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Table 6 Expected and observed 95% C.L. lower exclusion limits on L for the LL, LR, and RR contact interaction search using a uniform
positive prior in 1/L 2 or 1/L 4. The dielectron, dimuon, and combined dilepton channel limits are shown for both the constructive and destructive
interference cases.

Expected and observed lower limits on L [TeV]

Channel Prior Left-Left Left-Right Right-Right
Const. Destr. Const. Destr. Const. Destr.

Exp: ee 1/L 2 19.1 14.0 22.0 17.4 19.0 14.2
Obs: ee 20.7 16.4 25.2 19.2 20.2 16.6

Exp: ee 1/L 4 17.4 13.0 20.1 16.3 17.2 13.1
Obs: ee 18.6 14.7 22.2 17.7 18.3 14.9

Exp: µµ 1/L 2 18.0 12.7 21.6 16.3 17.7 13.0
Obs: µµ 16.7 12.5 20.5 14.9 16.5 12.7

Exp: µµ 1/L 4 16.2 12.0 19.8 15.3 16.2 12.1
Obs: µµ 15.6 11.8 19.0 14.3 15.4 11.9

Exp: �� 1/L 2 21.4 14.7 24.8 18.5 21.0 15.0
Obs: �� 21.6 17.2 26.3 19.0 21.1 17.5

Exp: �� 1/L 4 19.1 13.8 23.1 17.6 19.1 14.2
Obs: �� 19.6 15.4 23.8 17.8 19.3 15.6

Table 7 Expected and observed 95% C.L. lower exclusion limits on MS, using a uniform positive prior in 1/M

4
S or 1/M

8
S. The dielectron, dimuon,

and combined dilepton channel limits are shown for ADD signal in the GRW, Hewett and HLZ formalisms.

Expected and observed lower limits on MS [TeV]

Channel Prior GRW Hewett HLZ
n = 2 n = 3 n = 4 n = 5 n = 6 n = 7

Exp: ee 1/M

4
S

4.0 3.5 3.6 4.7 4.0 3.6 3.3 3.1
Obs: ee 4.0 3.5 3.6 4.7 4.0 3.6 3.3 3.1

Exp: ee 1/M

8
S

3.7 3.3 3.1 4.4 3.7 3.4 3.1 3.0
Obs: ee 3.7 3.3 3.1 4.4 3.7 3.4 3.1 3.0

Exp: µµ 1/M

4
S

3.7 3.3 3.4 4.4 3.7 3.4 3.1 3.0
Obs: µµ 3.7 3.3 3.4 4.4 3.7 3.4 3.1 3.0

Exp: µµ 1/M

8
S

3.5 3.1 3.1 4.2 3.5 3.2 3.0 2.8
Obs: µµ 3.5 3.1 3.1 4.2 3.5 3.2 3.0 2.8

Exp: �� 1/M

4
S

4.0 3.6 3.9 4.8 4.0 3.6 3.4 3.2
Obs: �� 4.2 3.8 4.2 5.0 4.2 3.8 3.6 3.4

Exp: �� 1/M

8
S

3.8 3.4 3.5 4.6 3.8 3.5 3.2 3.1
Obs: �� 4.0 3.6 3.7 4.7 4.0 3.6 3.4 3.2
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FIG. 4. Median expected (dashed line) and observed (solid
line) 95% CL upper limits on cross-section times branching
ratio (σB) for Z′

SSM production for the exclusive dimuon and
dielectron channels, and for both channels combined. The
width of the Z′

SSM theory band represents the theoretical un-
certainty from the PDF error set, the choice of PDF as well
as αS .

for the exclusive dielectron and dimuon channel is given
in Figure 4. This demonstrates the contribution of each
channel to the combined limit. As expected from Fig. 1,
the larger values for A×ϵ in addition to the better resolu-
tion in the dielectron channel results in a stronger limit
than in the dimuon channel. The observed (expected)
Z ′
SSM mass limit is 2.79 (2.76) TeV in the dielectron chan-

nel, and 2.53 (2.53) TeV in the dimuon channel.

Figure 5 shows the observed σB exclusion limits at
95% CL for the Z ′

SSM, Z ′
χ, Z

′
ψ and Z∗ signal searches.

Here only observed limits are shown, as they are always
very similar to the expected limits (see Fig. 4). The the-
oretical σB of the boson for the Z ′

SSM, two E6-motivated
Models and Z∗ are also displayed. The 95% CL limits on
σB are used to set mass limits for each of the considered
models. Mass limits obtained for the Z ′

SSM, E6-motivated
Z ′ and Z∗ bosons are displayed in Table VII.

As demonstrated in Fig. 5, for lower values of MZ′ the
limit is driven primarily by the width of the signal and
gets stronger with decreasing width. At large MZ′ , the
σB limit for a given Z ′ model worsens with increasing
mass. This weakening of the limit is due to the pres-
ence of the parton-luminosity tail in the mℓℓ line shape.
The magnitude of this degradation is proportional to the
size of the low-mass tail of the signal due to much higher
background levels at low mℓℓ compared to high mℓℓ. All
Z ′ models exhibit a parton-luminosity tail, the size of
which increases with increasing natural width of the Z ′

resonance. The tail is most pronounced for Z ′
SSM, and

least for Z ′
ψ, in line with the different widths given in

Table VII. Even though the width of the Z∗ is similar to
the width of the Z ′

SSM, the tensor form of the coupling of
the Z∗ to fermions strongly suppresses parton luminosity
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FIG. 5. Observed upper cross-section times branching ra-
tio (σB) limits at 95% CL for Z′

SSM, E6-motivated Z′ and Z∗

bosons using the combined dilepton channel. In addition, the-
oretical cross-sections on σB are shown for the same models.
The stars indicate the lower mass limits for each considered
model. The width of the Z′

SSM band represents the theoret-
ical uncertainty from the PDF error set, the choice of PDF
as well as αS. The width of the Z′

SSM band applies to the
E6-motivated Z′ curves as well.

effects. Limits on σB for the Z∗ interpretation therefore
do not worsen with increasing invariant mass. Quantita-
tively, the observed Z ′

SSM mass limit would increase from
2.90 TeV to 2.95 TeV and 3.08 TeV, if the Z ′

χ and Z ′
ψ bo-

son signal templates, with smaller widths, were used. If
the Z∗ boson template with negligible parton-luminosity
tail but similar width were used instead of the Z ′

SSM tem-
plate, the observed limit would increase to 3.20 TeV.

TABLE VII. Observed and expected lower mass limits for Z′

and Z∗ bosons, using the corresponding signal template for a
given model.

Model Width Observed Limit Expected Limit
[%] [TeV] [TeV]

Z′
SSM 3.0 2.90 2.87
Z′
χ 1.2 2.62 2.60

Z′
ψ 0.5 2.51 2.46

Z∗ 3.4 2.85 2.82

B. Limits on Minimal Z′ bosons

Limits are also set in the Minimal Z ′ Models param-
eterization [4] of the Z ′ boson couplings introduced in
Sec. II B. Instead of using the predicted σB based on a
fixed coupling to fermions as described in the previous
section, the new boson is characterized by two coupling
parameters, gB−L and gY.

arXiv:1407.2410

arXiv:1405.4123

http://arxiv.org/abs/1405.4123
http://arxiv.org/abs/1405.4123
http://arxiv.org/abs/1407.2410
http://arxiv.org/abs/1407.2410
http://arxiv.org/abs/1405.4123
http://arxiv.org/abs/1405.4123
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Run-2
With the increase from 8 TeV to 13 TeV in center-of-mass energy, provided by the 
LHC in Run-2, it is a very exciting time and opportunity to discover new physics!
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Signal & Background Processes

The backgrounds to a dilepton search come from:
Drell-Yan, Tops, Diboson, and Multi-Jet & W+Jets processes.

Most of these are estimated using Monte Carlo, 
and corrected to NNLO where possible. 

The Multi-Jet & W+Jets background, which is relevant in the electron 
channel, is estimated using a Data-Driven Method.

This contribution is expected to be small, and there are not enough 
statistics to produce an estimate in the plots shown today.

DRAFT

Table 1: Summary of MC sample information for signal and background processes used in this search. The columns
from left to right give the process of interest, generator, matrix element order, parton shower program, and PDF
utilised.

Process Generator Order Parton Shower PDF
qq̄ ! Z/�⇤ ! `+`� Powheg [28] NLO Pythia 8.165 [30] CT10 [29]
tt̄ ! `X , Wt ! X Powheg [28] NLO Pythia 6.400 [35] CT10 [29]

WW,W Z, Z Z ! `X/`⌫/`` Sherpa 2.1.1 [33] NLO Sherpa 2.1.1 [33] CT10 [29]
qq̄ ! Z/�⇤ ! `+`� Pythia 8.165 [30] LO Pythia 8.165 [30] NNPDF23LO [34]
qq̄ ! Z0 ! `+`� Pythia 8.165 [30] LO Pythia 8.165 [30] NNPDF23LO [34]

CI: qq̄ ! `+`� Pythia 8.165 [30] LO Pythia 8.165 [30] NNPDF23LO [34]

4. Electron Channel234

4.1. Event Selection235

Event level selection:236

• Event is required to be in the list of good runs.237

• Event passes the 2e17_lhloose trigger.238

• Event is not flagged as being incomplete, and pass LAr and Tile error requirements which provide239

protection against noise bursts and data corruption in the ECAL and HCAL respectively.240

• Event contains at least two electrons.241

Electron level selection:242

• Electron is within |⌘ | < 2.47, excluding crack region 1.37 < |⌘ | < 1.52.243

• Electron not flagged as being from a bad calorimeter cluster.244

• Electron must have pT > 30 GeV.245

• Electron passes the ID track requirement: |dBL
0 (�) | < 5.246

• Electron must pass the “Likelihood Medium” identification criteria based on track and shower-247

shape variables, as described in Table 2.248

• Electron passes “Loose” isolation criteria, as described in Table 3.249

Dielectron pair selection:250

• Select two highest pT electrons.251

• Dielectron invariant mass mee > 80 GeV.252

4.2. MC Background Estimation253

Monte Carlo is used to estimate the Standard Model contribution from processes which have two real254

electrons that pass the event selection criteria and present a non-negligible background to the signal pro-255

cesses under investigation. These processes are namely: Drell-Yan, photon-induced, diboson production256

(WW , W Z , and Z Z), and Top (single top + t̄t), as described in Section 3. The event selection is applied to257

each of the MC samples representing these backgrounds, which are subsequently scaled to the same unit258

20th July 2015 – 13:47 10
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Event Selection

Electron Channel Muon Channel
Event-Level CriteriaEvent-Level Criteria

Require low pT threshold, non-prescaled triggers.Require low pT threshold, non-prescaled triggers.
Perform event cleaning to remove “noisy” events.Perform event cleaning to remove “noisy” events.

Require at least two electrons or muons in the event.Require at least two electrons or muons in the event.
Lepton-Level Criteria.Lepton-Level Criteria.

|η| < 2.47, excluding crack region pT > 30 GeV
Remove electrons with bad calo clusters High-pT req. based on ID and MS hits

ET > 30 GeV d0 impact parameter requirement
d0 impact parameter requirement z0 impact parameter requirement

e-identification = Likelihood “Medium” Muon must be well isolated
Electron must be well Isolated Opposite charge sign

Select Highest ET/pT PairSelect Highest ET/pT Pair
Dielectron Invariant Mass > 80 GeV Dimuon Invariant Mass > 80 GeV
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Dielectron Invariant Mass [GeV]
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Dilepton Search Selection

DRAFT

1. Analysis Strategy40

Dielectron invariant mass (mee) distribution after the dilepton search event selection, showing the stacked41

sum of all expected Monte Carlo backgrounds. The Data-Driven Multi-Jet & W+Jets background is not42

included, but is expected to be small. Events are selected which have two electrons with ET greater than43

30 GeV, |⌘ | < 2.47 (also excluding the crack region), and are well isolated. The bin width is constant in44

log(m``), and the Monte Carlo expectation is normalised to data in the invariant mass region 80–120 GeV.45

The previous search results at 8 TeV can be found at: arXiv:1405.4123.46

Dimuon invariant mass (mµµ) distribution after the dilepton search event selection, showing the stacked47

sum of all expected backgrounds. Events are selected which have two muons with pT greater than 30 GeV,48

|⌘ | < 2.5, and are well isolated. The bin width is constant in log(m``), and the Monte Carlo expectation49

is normalised to data in the invariant mass region 80–120 GeV. The previous search results at 8 TeV can50

be found at: arXiv:1405.4123.51

Highest dielectron invariant mass event. The highest momentum electron has an ET of 189 GeV and an52

⌘ of 1.08. The subleading electron has an ET of 177 GeV and an ⌘ of -1.58. The invariant mass of the53

pair is 739 GeV.54

Highest dimuon invariant mass event. The highest momentum muon has a pT of 305 GeV and an ⌘ of55

-1.03. The subleading muon has a pT of 300 GeV and an ⌘ of 0.82. The invariant mass of the pair is56

881 GeV.57

Electron ET distribution after the dilepton search event selection, showing the stacked sum of all expected58

Monte Carlo backgrounds. The Data-Driven QCD & W+Jets background is not included, but is expected59

to be small with the current dataset. Events are selected which have two electrons with ET greater than60

30 GeV, |⌘ | < 2.47 (also excluding the crack region), and are well isolated. The bin width is constant in61

log(ET ), and the Monte Carlo expectation is normalised to data in the invariant mass region 80–120 GeV.62

The previous search results for 8 TeV can be found at: arXiv:1405.4123.63

Muon pT distribution after the dilepton search event selection, showing the stacked sum of all expected64

backgrounds. Events are selected which have two muons with pT greater than 30 GeV, |⌘ | < 2.5, and65

are well isolated. The bin width is constant in log(pT ), and the Monte Carlo expectation is normalised66

to data in the invariant mass region 80–120 GeV. The previous search results for 8 TeV can be found at:67

arXiv:1405.4123.68
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DRAFT

1. Analysis Strategy40

Dielectron invariant mass (mee) distribution after Z0 ! ee event selection, showing the stacked sum of all41

expected backgrounds, except fake lepton contributions which are neglected. Events are selected which42

have two electrons with ET greater than 30 GeV, |⌘ | < 2.47 (also excluding the crack region), and are43

well isolated. The bin width is constant in log(m``), and the Monte Carlo expectation is normalised to44

data in the invariant mass region 80–120 GeV.45

Dimuon invariant mass (mµµ) distribution after Z0 ! µµ event selection, showing the stacked sum of46

all expected backgrounds. Events are selected which have two muons with pT greater than 30 GeV, |⌘ |47

< 2.5, and are well isolated. The bin width is constant in log(m``), and the Monte Carlo expectation is48

normalised to data in the invariant mass region 80–120 GeV.49

Electron ET distribution after Z0 ! ee event selection, showing the stacked sum of all expected back-50

grounds, except fake lepton contributions which are neglected. Events are selected which have two elec-51

trons with ET greater than 30 GeV, |⌘ | < 2.47 (also excluding the crack region), and are well isolated. The52

bin width is constant in log(ET ), and the Monte Carlo expectation is normalised to data in the invariant53

mass region 80–120 GeV.54

Muon pT distribution after Z0 ! µµ event selection, showing the stacked sum of all expected back-55

grounds. Events are selected which have two muons with pT greater than 30 GeV, |⌘ | < 2.5, and are well56

isolated. The bin width is constant in log(pT ), and the Monte Carlo expectation is normalised to data in57

the invariant mass region 80–120 GeV.58

Highest dielectron invariant mass event. The highest momentum electron has an ET of 189 GeV and an59

⌘ of 1.08. The subleading electron has an ET of 177 GeV and an ⌘ of -1.58. The invariant mass of the60

pair is 739 GeV.61

Highest dimuon invariant mass event. The highest momentum muon has a pT of 305 GeV and an ⌘ of62

-1.03. The subleading muon has a pT of 300 GeV and an ⌘ of 0.82. The invariant mass of the pair is63

881 GeV.64

Acknowledgements65

We thank CERN for the very successful operation of the LHC, as well as the support sta↵ from our66

institutions without whom ATLAS could not be operated e�ciently.67

We acknowledge the support of ANPCyT, Argentina; YerPhI, Armenia; ARC, Australia; BMWFW and68

FWF, Austria; ANAS, Azerbaijan; SSTC, Belarus; CNPq and FAPESP, Brazil; NSERC, NRC and CFI,69

Canada; CERN; CONICYT, Chile; CAS, MOST and NSFC, China; COLCIENCIAS, Colombia; MSMT70

CR, MPO CR and VSC CR, Czech Republic; DNRF, DNSRC and Lundbeck Foundation, Denmark;71

EPLANET, ERC and NSRF, European Union; IN2P3-CNRS, CEA-DSM/IRFU, France; GNSF, Geor-72

gia; BMBF, DFG, HGF, MPG and AvH Foundation, Germany; GSRT and NSRF, Greece; RGC, Hong73

Kong SAR, China; ISF, MINERVA, GIF, I-CORE and Benoziyo Center, Israel; INFN, Italy; MEXT and74

JSPS, Japan; CNRST, Morocco; FOM and NWO, Netherlands; BRF and RCN, Norway; MNiSW and75

NCN, Poland; GRICES and FCT, Portugal; MNE/IFA, Romania; MES of Russia and ROSATOM, Rus-76

sian Federation; JINR; MSTD, Serbia; MSSR, Slovakia; ARRS and MIZŠ, Slovenia; DST/NRF, South77

Africa; MINECO, Spain; SRC and Wallenberg Foundation, Sweden; SER, SNSF and Cantons of Bern78

20th July 2015 – 18:10 3



D. HaydenMSU 9



D. HaydenMSU 10

Dimuon Invariant Mass [GeV]
100 200 300 400 500 600 1000

Ev
en

ts

-210

-110

1

10

210

310

410

510
 PreliminaryATLAS

-1 = 13 TeV, 78 pbs
Dilepton Search Selection

Data
*γZ/

Top Quarks

Diboson

DRAFT

1. Analysis Strategy40

Dielectron invariant mass (mee) distribution after the dilepton search event selection, showing the stacked41

sum of all expected Monte Carlo backgrounds. The Data-Driven Multi-Jet & W+Jets background is not42

included, but is expected to be small with the current dataset. Events are selected which have two electrons43

with ET greater than 30 GeV, |⌘ | < 2.47 (also excluding the crack region), and are well isolated. The bin44

width is constant in log(m``), and the Monte Carlo expectation is normalised to data in the invariant mass45

region 80–120 GeV. The previous search results at 8 TeV can be found at: arXiv:1405.4123.46

Dimuon invariant mass (mµµ) distribution after the dilepton search event selection, showing the stacked47

sum of all expected backgrounds. Events are selected which have two muons with pT greater than 30 GeV,48

|⌘ | < 2.5, and are well isolated. The bin width is constant in log(m``), and the Monte Carlo expectation49

is normalised to data in the invariant mass region 80–120 GeV. The previous search results at 8 TeV can50

be found at: arXiv:1405.4123.51

Highest dielectron invariant mass event. The highest momentum electron has an ET of 189 GeV and an52

⌘ of 1.08. The subleading electron has an ET of 177 GeV and an ⌘ of -1.58. The invariant mass of the53

pair is 739 GeV.54

Highest dimuon invariant mass event. The highest momentum muon has a pT of 305 GeV and an ⌘ of55

-1.03. The subleading muon has a pT of 300 GeV and an ⌘ of 0.82. The invariant mass of the pair is56

881 GeV.57

Electron ET distribution after the dilepton search event selection, showing the stacked sum of all expected58

Monte Carlo backgrounds. The Data-Driven QCD & W+Jets background is not included, but is expected59

to be small with the current dataset. Events are selected which have two electrons with ET greater than60

30 GeV, |⌘ | < 2.47 (also excluding the crack region), and are well isolated. The bin width is constant in61

log(ET ), and the Monte Carlo expectation is normalised to data in the invariant mass region 80–120 GeV.62

The previous search results for 8 TeV can be found at: arXiv:1405.4123.63

Muon pT distribution after the dilepton search event selection, showing the stacked sum of all expected64

backgrounds. Events are selected which have two muons with pT greater than 30 GeV, |⌘ | < 2.5, and65

are well isolated. The bin width is constant in log(pT ), and the Monte Carlo expectation is normalised66

to data in the invariant mass region 80–120 GeV. The previous search results for 8 TeV can be found at:67

arXiv:1405.4123.68
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DRAFT

1. Analysis Strategy40

Dielectron invariant mass (mee) distribution after Z0 ! ee event selection, showing the stacked sum of all41

expected backgrounds, except fake lepton contributions which are neglected. Events are selected which42

have two electrons with ET greater than 30 GeV, |⌘ | < 2.47 (also excluding the crack region), and are43

well isolated. The bin width is constant in log(m``), and the Monte Carlo is normalised to data in the44

invariant mass region 80–120 GeV.45

Dimuon invariant mass (mµµ) distribution after Z0 ! µµ event selection, showing the stacked sum of all46

expected backgrounds. Events are selected which have two muons with pT greater than 30 GeV, |⌘ | <47

2.5, and are well isolated. The bin width is constant in log(m``), and the Monte Carlo is normalised to48

data in the invariant mass region 80–120 GeV.49

Electron ET distribution after Z0 ! ee event selection, showing the stacked sum of all expected back-50

grounds, except fake lepton contributions which are neglected. Events are selected which have two elec-51

trons with ET greater than 30 GeV, |⌘ | < 2.47 (also excluding the crack region), and are well isolated.52

The bin width is constant in log(ET ), and the Monte Carlo is normalised to data in the invariant mass53

region 80–120 GeV.54

Muon pT distribution after Z0 ! µµ event selection, showing the stacked sum of all expected back-55

grounds. Events are selected which have two muons with pT greater than 30 GeV, |⌘ | < 2.5, and are well56

isolated. The bin width is constant in log(pT ), and the Monte Carlo is normalised to data in the invariant57

mass region 80–120 GeV.58

Highest dielectron invariant mass event. The highest momentum electron has a ET of 189 GeV and an ⌘59

of 1.08. The subleading electron has a ET of 177 GeV and an ⌘ of -1.58. The invariant mass of the pair60

is 739 GeV.61

Highest dimuon invariant mass event. The highest momentum muon has a pT of 305 GeV and an ⌘ of62

-1.03. The subleading muon has a pT of 300 GeV and an ⌘ of 0.82. The invariant mass of the pair is63

881 GeV.64
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Conclusion and Plans

50 ns Data.

•We have presented a first look at 13 TeV data using 78 /pb of integrated 
luminosity, when applying the dilepton search event selection for Run-2.

• Data/MC agreement looks good with the current dataset, and we estimate 
that ~2-3 /fb are needed to exceed our Run-I sensitivity.

• Focus on being ready for a discovery, we’re not starting in limit setting mode!
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•We have presented a first look at 13 TeV data using 78 /pb of integrated 
luminosity, when applying the dilepton search event selection for Run-2.

• Data/MC agreement looks good with the current dataset, and we estimate 
that ~2-3 /fb are needed to exceed our Run-I sensitivity.

• Focus on being ready for a discovery, we’re not starting in limit setting mode!

50 ns Data.

A New Discovery 
Could Be             

Just Around         
The Beam Pipe.....

....And We’re 
Ready!
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