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Rotation curves Cosmic Microwave 
Background

Gravitational Lensing Bullet Cluster
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components of collided 
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Separation of visible 
(x-rays) and invisible 
(gravitational lensing) 
components of collided 
galaxy clusters

Oscillations in the hot 
gas of the early 
universe is highly 
dependent on the 
content of the universe

Galaxies rotate too fast 
given it’s visible 
component

Galactic masses agree 
with the existence of a 
invisible massive 
component

WIMP miracle:
All of these observations can be 
explained by the existence of a 

weak scale particle, with masses 
from a few GeV to the TeV scale

The LHC directly probes these 
scales



Dark Matter Signature
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Simplified Dark Matter models form a credible unit of a complicated model and are easier to 
interpret

● Introduce a single mediator to couple the SM particle to the DM particles

● This mediator can be a vector, axial-vector, scalar or pseudoscalar particle



Simplified Dark Matter models form a credible unit of a complicated model and are easier to 
interpret

Dark Matter Signature
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Light flavour production



Heavy flavour production

Dark Matter Signature
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Simplified Dark Matter models form a credible unit of a complicated model and are easier to 
interpret

Light flavour production



Analysis overview

Inclusive search for new physics in the MET+jets final state
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Jet multiplicity (nj):
● 1 or more jets from the 

initial state through 
radiation or the 
production 
mechanism
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B-jet multiplicity (nb):
● Target new physics 

produced in 
association to top or 
bottom quarks

Scalar sum of hadronic transverse energy (HT)
● Probes various hadronic energy scales
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Missing hadronic transverse energy (MHT)
● Shape is sensitive to events with invisible particles

Jet multiplicity (nj):
● 1 or more jets from the 

initial state through 
radiation or the 
production 
mechanism

B-jet multiplicity (nb):
● Target new physics 

produced in 
association to top or 
bottom quarks

Scalar sum of hadronic transverse energy (HT)
● Probes various hadronic energy scales



Z + jets
● Z decays invisibly

Backgrounds
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W + jets
● W decays into a hadronic tau
● W decays into e or µ which is 

out-of-acceptance
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W + jets
● W decays into a hadronic tau
● W decays into e or µ which is 

out-of-acceptance

tt + jets
● Top quarks form b-jets

QCD
● Multijet QCD with jet mismeasurement 

leading to missing energy



Dedicated variables

● Cuts on dedicated variables reduce QCD multijet to a percent-level background:
○ Alph and 
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Background estimation - Electroweak

● Use any data-MC discrepancies due to mismodelling or higher-order effects in the Z 
decays to muons to correct the MC prediction of Z invisible decays in the signal region

● The ratio of MC events (known as the transfer factor) results in a cancellation of some 
of the systematics
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● Use any data-MC discrepancies due to mismodelling or higher-order effects in the W 
decays to a muon to correct the MC prediction of W decays to hadronic taus or 
out-of-acceptance leptons in the signal region

● The ratio of MC events results in a cancellation of some of the systematics

Background estimation - Electroweak
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Treatment of systematic uncertainties

● Known systematics are propagated through to every measurement (object corrections, 
pile-up reweighting, …)
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● Additional unknown systematics from 
extrapolations in the transfer factors

● For example, the dimuon region used to 
predict the Z invisible decays does not have 
an ᶓT cut

● To test this, compare prediction to observed 
event yields for ᶓT>0.55 predicted by the 
ᶓT<0.55 region, all in the dimuon region



Results

● All predictions and systematics are used in a likelihood model to obtain the Standard 
Model expectation in the signal region

● Background prediction and data counts per analysis bin:
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Results
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Results
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● No clear evidence for new physics 
● We can interpret these in the context of the simplified Dark Matter models to set a 

95% upper limit on the cross section as a function the mediator and Dark Matter 
masses

● This is still a work-in-progress. Stay tuned

Interpretations
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BACKUP
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Dedicated variables
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Effective at rejecting mismeasured QCD
● All jets are clustered into one of two 

pseudo-jets (where ΔHT, the energy imbalance 
of the two pseudo-jets, is minimised)

● Balanced events have ᶓT = 0.5
● Mismeasured balanced events are strongly 

biased towards ᶓT < 0.5
● Genuine MET events have a long-tail for ᶓT > 

0.5

Very robust against over-/under-measurement, 
as well as heavy flavour QCD
● Minimum Δɸ (over all jets) between a jet 

and MHT computed without that jet
● Peaked at zero, with a long tail of genuine 

MET events

Jet pT scalar sum Jet pT vector sum



Selection and categorization
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Analysis bins
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Systematic uncertainties on transfer factors
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