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The monojet topology constitutes a 
clean and distinctive signature in 

searches for new physics beyond the 
Standard Model (SM) at colliders.

 
Search for high MET excesses. 



Leading jet pT of 973 GeV, 
balanced by a ET

miss of 954 GeV 


ATLAS latest publication:
2015 data paper: 3.2 fb-1

Phys. Rev. D 94 (2016) 032005
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Dark Matter - WIMPs Compressed SUSY

ADD – Large Extra Dimensions

Simplified models:
o  s-channel axial vector + ISR jet. 
o  Model as function of 4 parameters:

o  mDM, mmed, gDM, gq. 
o  Assume minimal mediator width.

squark+LSP production in 
simplified models: 

compressed scenario + ISR.

ADD models: 
Assume n additional dimensions of 
radius R. Effective Planck mass in 
4+n dimensions is MPl

2~MD
(2+n)Rn. 

Production of Kaluza-Klein tower of 
graviton modes (ET

miss).
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Event Selection
 

o  Electrons: 
o  Baseline: pT>20GeV, loose identification, |η|<2.47.
o  Signal: Baseline + Tight identification + d0 and z0 cuts. Track-based isolation in CRele

o  Muons:
o  Baseline: pT>10GeV, medium identification, |η|<2.5.
o  Signal: Baseline + d0 and z0 cuts.

o  Jets: pT > 30 GeV, |η|<2.8, JVT cut (remove pile-up jets).
o  ET

miss:  Baseline muons as invisible.

Events selection
o  ET

miss trigger.
o  Online threshold at 70 GeV.

o  Leading jet pT > 250 GeV.
o  ET

miss > 250 GeV.
o  Multijets background rejection: 
Δφ(ET

miss, jets1,2,3,4) > 0.4 
o  Njets (pT>30GeV) ≤ 4.
o  NCB rejection: Leading jet: |η|<2.4 
and passes tight cleaning. 
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Diagram by Giuliano Gustavino
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Simplified shape fit


A global fit (CRs+SR) is performed 
simultaneously 

in all the exclusive ET
miss bins:

[250, 300, 350, 400, 500, 600, 700, ∞ ]
A validation region is defined:

150 GeV  < ET
miss < 250 GeV.

Validation 
Region

In each bin of ET
miss we define a 

SR and the corresponding 
control regions.  

Veto on 
baseline leptons

SR

CRwmn Nµ
base = 0, Ne

signal = 1.
Track-based isolation

CRele

CRzmmNµ
signal = 2, Ne

base = 0
66 GeV < mµµ < 116 GeV.

Nµ
signal = 1, Ne

base = 0
30 GeV < mT < 100 GeV.

CRzeeNµ
base = 0, Ne

signal = 2
66 GeV < mee < 116 GeV.

Three normalization factors per ET
miss bin are used to constraint the V+jets 

background: µele
bin, µwmn

bin, µzmm
bin (free parameters).

Systematic uncertainties are treated as nuisance parameters 
with Gaussian shapes in a fit based on the profile likelihood method.

Arbitrary ET
miss distribution/binning.

(SR + 3 CRs) x 7 ET
miss regions
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Analysis Strategy
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Simplified shape fit


A global fit (CRs+SR) is performed 
simultaneously 

in all the exclusive ET
miss bins:

[250, 300, 350, 400, 500, 600, 700, ∞ ]
A validation region is defined:

150 GeV  < ET
miss < 250 GeV.

Binning chosen in base of expected 
statistics (CRs), signal sensitivity, … 

Poisson terms for each region/bin, 
systematics correlated among bins.

Inclusive signal regions also defined (as in previous publications), 
to provide “model independent” limits on visible cross section.


Signal model limits quoted in paper computed from the global fit.
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Analysis Strategy
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Residual dominant background 
from Z(vv)+jets, followed by W(lv)+jets.


o  V+jets backgrounds: normalization factors from fit.

o  Except Z(ee)+jets, estimated from MC.
o  Sherpa 2.1.1. CT10 PDF. Normalized to NNLO pQCD 
predictions.

o  t-tbar,  single top and DiBosons from MC.
o  t-tbar, single top with POWHEG-BOX v2 (single top t-channel 
with v1). CT10 PDF.   Parton shower with PYTHIA-6.428.
o  DiBosons with Sherpa 2.1.1. CT10 PDF. Normalized to NLO 
pQCD predictions.

o  Non-collisions background and multi-jets are estimated 
with data-driven methods.

ET
miss > 250 GeV

3 ET
miss–dependent 

normalization factors used to 
constraint the V+jets bkg
(µele

bin, µwmn
bin, µzmm

bin). 

Z(vv)+jets: dominant background.
Irreducible bkg -> estimated using CRwmn and “ET

miss” with 
muons considered as invisible particles.

Muons treated as invisible à ET
miss ~ boson pT

Systematic uncertainty for this assumption.
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Single Muon CR
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CRwmnNµ
signal = 1, Ne

base = 0
30 GeV < mT < 100 GeV.
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Single Electron CR

9

Nµ
base = 0, Ne

signal = 1.
Track-based isolation

CRele
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Di-Muon CR
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CRzmmNµ
signal = 2, Ne

base = 0
66 GeV < mµµ < 116 GeV.
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Other backgrounds
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Non-Collisions bkg Multijets

From MC

t-tbar, single top, DiBosons, Z(ee)+jets. 

o  Mostly beam-induced.
o  Estimated using beam-induced-bkg 
tagger based on match between muon 
segment and calo cluster.

o  Fake ET
miss from mis-measured jets.

o  Estimated using jet smearing and multi-
jets dominant region (for normalization).



DMWG 20.09.16Arely Cortes Gonzalez

V+jets systematic uncertainties
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o  W vs Z MC modelling.
o  3% flat in ET

miss.
o  EW radiative NLO correction differences in W+jets and Z+jets.

o  1-4% vs. boson pT  on Z(vv).

WZ transfer uncertainty
We compute a systematic uncertainty applicable only to Z(vv)+jets in the SR.

Notice that this means that the uncertainty won’t be further constrained by the SR+CRs fit.

V+jets theoretical uncertainties
For V+jets samples four parameters are varied to calculate uncertainties on the modeling:
o  Matrix element matching (CKKW). Nominal value: 20GeV. The systematic variations 
considered is to increase (decrease) this value to 30 GeV (15 GeV). 
o  Renormalization scale. μR is varied by a factor of 2 and đ with respect to the nominal. 
o  Factorization scale. μF is varied by a factor of 2 and đ with respect to the nominal. 
o  Resummation scale. μQSF is varied by a factor of 2 and đ with respect to the nominal.		
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WZ-transfer uncertainty
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SUSY-2013-21
Eur. Phys. J. C (2015) 75:299

W vs Z MC modelling (3% flat in ET
miss).


Comparison of the generated ET

miss distribution 
between Z(vv)+jets and W(µv)+jets processes (ET

miss 
>220 GeV SR). In the W(µv) case: a muon with pT >10 
GeV and |ỷ| < 2.4 is required ( 30 < mT < 100 GeV). 
The ET

miss calculation includes the contribution of the 
muon and neutrino from the W decay in the final 
state. 

NB: Plot from 8 TeV data analysis.
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WZ-transfer uncertainty
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EW radiation correction differences in W+jets and Z+jets.

Electroweak corrections to hadronic production 
of W bosons at large transverse momenta 

Johann H. Kühn, A. Kulesza, S. Pozzorini, M. 
Schulze. 

Nucl.Phys.B797:27-77,2008

W/Z  QCD/EWK corrections at higher orders 
computed by authors of the paper for our different 

event selections. 


They use NNPDF. The uncertainties in the calculation 
are dominated by the photon induced PDFs .

Since the uncertainties are as large as the 
corrections themselves, the prescription 

followed by us was not to apply the 
corrections, but rather take the central total 
deviation (of W/Z+jet ratio), adding linearly 
the biggest error bar, as uncertainty for the 

Z(vv) background.
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Signal Region (no excesses)
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Plotting: ET
miss > 250 GeV, but using the exclusive ET

miss bins fit.
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Signal Region (no excesses)
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Yields pre/post-fit available in paper and/or as auxiliary material (for each process).

250 GeV < ET
miss < 300 GeV 400 GeV < ET

miss < 500 GeV Et
miss > 700 GeV
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[DM] Interpretations
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Axial vector mediator, gq = 0.25, gDM  1.0. gq = gDM , mDM = 150GeV, mA = 1TeV
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[DM] Interpretations
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Axial vector mediator, gq = 0.25, gDM  1.0.
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[DM] Interpretations
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Summary plots
(discussed yesterday)



Bonus
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CR yields

CRele

CRwmn

CRzmm
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Model Independent

Simplest interpretation: take inclusive MET bins and put limits on number of 
signal events S. Convert into visible cross-sec*on (1/L*S95). 

Provide info on A and eff on auxiliary material 
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SUSY & ADD


