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Yellow Report on HL/HE-LHC 

18/12/2017 

}  Aims to consistently present physics potential of High-Lumi LHC  
}  Stimulate new ideas for measurements, extend discovery reach, improvement modeling 

towards measurements at ultimate precision.  

}  Opportunity to present physics at a high-energy collider in the LHC ring at 27 TeV 
(HE-LHC)  

}  All experiments contributing within existing structure of upgrade physics 
}  Lot of theory contributions expected and studies on-going  

}  Workshop Organisation:  
}  Steering group with CMS, ATLAS, LHCb, ALICE and theory contacts  
}  Working group :  

}  Standard Model (QCD, EW and Top physics) 

}  Higgs boson and EW symmetry breaking 

}  BSM (WG3) 
}  Flavour 

}  Heavy Ion 

}  limit efforts on key channels for dedicated contributions.  
}  WG3: together with me (ATLAS), we have Keith Ulmer (CMS), Xabier Cid (LHCb), 

Riccardo Torre, Patrick Fox (theorists) 
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YR Documentation 

18/12/2017 

}  This is considered a one year long workshop, started with the 30 Oct 2017 
meeting - https://indico.cern.ch/event/647676/overview  

}  Results will be documented in a Yellow CERN report end of 2018 as input to 
European Strategy discussion. 

}  The individual chapters of the Yellow Report will also be submitted to the arXiv.  

}  In agreement with all experiments/theorists the following proposal emerged:  
}  Volume 1:  

}  The results will be written up in five chapters corresponding to the working groups (an 
additional performance chapter is being discussed). 
The editors of each chapter are the working group conveners (experiments+theory), 
but the authors are all contributors   

}  Volume 2:  
}  ATLAS, CMS and LHCb will prepare public notes on key results, e.g. (Di-)Higgs couplings 

that use internal software and are approved in the standard way by the collaboration. 
This also includes performance projections or combinations with other experiments. 
The results of these notes will be used by the workshop contributions in Vol1 
and properly referenced.  

Monica D'Onofrio, DM LHC WG 3 



Organization of material 

18/12/2017 

}  We have started a twiki collecting Table of contents and relevant links 
}  https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCWorkshop 

}  WG3 has also put together a spreadsheet to collect the topics people 
would like to follow: 
}  https://docs.google.com/spreadsheets/d/

1iXV41m5inPbxFpoWMrt5vXVGva5F6GYO7XwxTMHc5hQ/edit?usp=sharing 

}  So far, no DM studies are listed yet  

Monica D'Onofrio, DM LHC WG 4 

Aim to have a complete set of studies to be 
reviewed at the next general meeting in June 2018 



Dark Matter searches 

18/12/2017 

}  EFT à simplified models considered 
}  Comprehensive re-assessment of current efforts for HL-LHC not yet done 

[analyses are often systematics limited, experimental sources hard to estimate, 
theoretical uncertainties might be conservative]  

}  Classic jet + MET  
Classical jet + MET  DM Channel 
Suppressed in direct detection. LHC provides complementary sensitivity for AV. 
Full analysis in DELPHES. 
Benchmark among many DM collider searches. 
Interpretation in simplified model following                  
LHC DM forum (arXiv: 1507.00996) with 

 
 
 
Final state: large MET (>200 GeV) (FF) + jet  
Main bkgr: 70% Z(vv)+j  ; 30% W(lv)+j                                                    
Æ data-driven using muons Z(PP), W(Pv)   
 
 
 
Analysis procedure 
Bin MET distribution in 22 exclusive bins.                                                 
At HL-LHC extend to MET > 2.4 TeV                                                     
(now 1.2 TeV). 
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4 parameters (Mmed, mDM, gSM, gDM)  

- 

Spin-1 mediator, axialvector 
gSM = 0.25, gDM = 1 

2D exclusion limit 
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DM 
signal 
example 

Projections - Axialvector Projections - Axialvector 

Systematic scenarios considered:  
(a) Nominal = same level of unc. as now (b) 
reduced by 2 (c) reduced by 4.  
[most relevant uncertainty: knowledge of MET at 
high ET]  

Spin-1 mediator, axialvector 
gSM = 0.25, gDM = 1 

See also  A. Magnan talk at the 
Workshop 

CMS-PAS-FTR-16-005 
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Dark Matter searches (II) 

18/12/2017 

}  EFT à simplified models considered 
}  Comprehensive re-assessment of current efforts for HL-LHC not yet done 

[analyses are often systematics limited, experimental sources hard to estimate, 
theoretical uncertainties might be conservative]  

}  Classic jet + MET  

Different systematic scenarios again 
considered 
(a) Nominal = same level of unc. as now (b) 
reduced by 2 (c) pure scaling of lumi  

Spin-0 mediator, pseudoscalar 
gSM =1,gDM =1  

 

Projections - Pseudoscalar
MET+jet DM – Pseudoscalar 
Not accessible to direct detection. Only LHC provides sensitivity.  

15 

Spin-0 mediator, pseudoscalar  

gSM = 1, gDM = 1 

Systematics scenarios: 

(1) Nominal = scale run-2 systematics 

at low MET which are dominated 

by lepton ID/ISO to HL-LHC 

recommendation, high MET 

dominated by statistics. 

(2) Nominal divided by 2 
(3) Scale run-2 systematics in the full 

MET range by luminosity 
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Projections - Pseudoscalar

CMS-PAS-FTR-16-005 
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See also  A. Magnan talk at the 
Workshop 



Dark Matter: more to be explored! 

18/12/2017 

}  Many more DM scenarios are actively pursued by ATLAS, CMS and LHCb with 
13 TeV data à yet to be fully considered for HL-LHC. Examples:     
}  @ATLAS/CMS: Mono-photon, Mono-W/Z/Higgs; mono-top;   
}  Knowledge of high-MET tails and boosted objects reconstruction very relevant   

mJ = mass of large 
R-jets (bb) 

Higgs: e.g. 
in bb final 
states 

16 7 Summary

Ev
en

ts
 / 

G
eV

3−10

2−10

1−10

1

10

210

310
Data

SM backgrounds (pre-fit)

SM backgrounds (post-fit)

Z+jets

tt

W+jets

Single t

Diboson

QCD multijet

Signal region
0.1<BDT<0.45

 (13 TeV)-135.8 fbCMSPreliminary

Recoil [GeV]
300 400 500 600 700 800 900 1000

D
at

a 
/ P

re
d.

0
0.5

1
1.5

2
pre-fit post-fit

Ev
en

ts
 / 

G
eV

3−10

2−10

1−10

1

10

210

310
Data

SM backgrounds (pre-fit)

SM backgrounds (post-fit)

Z+jets

tt

W+jets

Single t

Diboson

QCD multijet

Signal region
BDT>0.45

 (13 TeV)-135.8 fbCMSPreliminary

Recoil [GeV]
300 400 500 600 700 800 900 1000

D
at

a 
/ P

re
d.

0
0.5

1
1.5

2
pre-fit post-fit

Figure 8: Distribution of pmiss
T from SM backgrounds and data in the signal region after simul-

taneously fitting in the signal region and all control regions. Each bin shows the event yields
divided by the width of the bin. The stacked histograms show the individual SM background
distributions after the fit is performed. The blue solid line represents the sum of the SM back-
ground contributions normalized to their post-fit yields. The red solid line represents the sum
of the SM background contributions normalized to the theoretical prediction. The gray bands
indicate the post-fit uncertainty in the background, assuming no signal.
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1Introduction

Thereisstrongevidencefortheexistenceofdarkmatterfromastrophysicalobservations[1],
whichto-dateisonlyintheformofgravitationalinference.Thus,directconfirmationofthe
natureofdarkmatterparticleshasremainedelusive.Whilemanysearchesfordarkmatterare
carriedoutbylookingforinteractionsbetweencosmicdarkmatteranddetectors(vianuclear
recoil,forexample)orfortheabundanceofparticlesproducedintheannihilationorthedecay
ofcosmicdarkmatter,theLHCpresentsauniqueopportunitytopossiblyproducedarkmatter
particlesaswellasstudythem.Inthisanalysissummarywedescribeasearchforeventswhere
adarkmattercandidateparticleisproducedinassociationwithatopquark(“monotop”),
whichwasoriginallyproposedin[2].Suchsearcheshavebeenpreviouslycarriedoutbythe
CDFCollaboration[3]attheTevatronandtheCMS[4–6]andATLAS[7]Collaborationsat
theLHC.Thissearchutilizesthe13TeVdatasetaccumulatedin2016,correspondingtoan
integratedluminosityof12.9fb�1.

InthissearchweconsidereventswithahadronicallydecayingWbosonresultingfromtop
quarkdecay.Thisdecaychannelhasthelargestbranchingfractionandisfullyreconstructible.
Weconsidertwointerpretationsofthissignature.Thefirstmodelincludesaflavor-changing
neutralcurrent,whereasingletopquarkisproducedinassociationwithavectorbosonthat
hasflavor-changingcouplingstotopandlightquarksanddecaystodarkmatter.Thesecond
modelcontainsacolored,chargedscalarwhichdecaystoatopquarkandaninvisiblefermion.
ExamplediagramsofmonotopproductionareshowninFigure1.
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Figure1:Exampleofmonotopproductionviaaneutralflavor-changingcurrent(left)anda
heavyscalar(right).

TheeffectiveLagrangian[8]whichdescribesmonotopproductionbyaflavor-changingneutral
current(FCNC)isgivenby[8]:

L=LSM+Lkin+Vµ(gRcc̄RgµcR+gLcc̄LgµcL)+Vµui[(aFC)
ijgµ+(bFC)

ijgµg5]uj+h.c.,(1)

whereLSMisthestandardmodel(SM)Lagrangian,LkinisthekinematicpartoftheLagrangian,
aFC=(aR+aL)/2andbFC=(aR�aL)/2.TheaLandaRparametersdenotethestrengths
oftheinteractionsofthevectorfieldVwiththequarksu;theL,Rsubscriptreferstothe
left/righthandednatureoftheinteraction.Inthissearch,weassumeaFC=bFC=0.25for
flavor-changingtu-couplingsandalsoassumeaflavor-conservingcouplingofthemediator
touquarks(realizedintheaboveequationbysettingi=j)withacouplingconstantthat
hasthesamenumericalvalue(0.25).Thisconventiondiffersfrompreviousmonotopsearches,
whichassumeacouplingof0.1(Ref.[6]).Thechangeinconventionistofacilitatecomparison
withotherdarkmattersearches,whichadheretotherecommendationsfromtheDarkMatter
Forum,giveninRef.[9].
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1 Introduction

There is strong evidence for the existence of dark matter from astrophysical observations [1],
which to-date is only in the form of gravitational inference. Thus, direct confirmation of the
nature of dark matter particles has remained elusive. While many searches for dark matter are
carried out by looking for interactions between cosmic dark matter and detectors (via nuclear
recoil, for example) or for the abundance of particles produced in the annihilation or the decay
of cosmic dark matter, the LHC presents a unique opportunity to possibly produce dark matter
particles as well as study them. In this analysis summary we describe a search for events where
a dark matter candidate particle is produced in association with a top quark (“monotop”),
which was originally proposed in [2]. Such searches have been previously carried out by the
CDF Collaboration [3] at the Tevatron and the CMS [4–6] and ATLAS [7] Collaborations at
the LHC. This search utilizes the 13 TeV dataset accumulated in 2016, corresponding to an
integrated luminosity of 12.9 fb�1.

In this search we consider events with a hadronically decaying W boson resulting from top
quark decay. This decay channel has the largest branching fraction and is fully reconstructible.
We consider two interpretations of this signature. The first model includes a flavor-changing
neutral current, where a single top quark is produced in association with a vector boson that
has flavor-changing couplings to top and light quarks and decays to dark matter. The second
model contains a colored, charged scalar which decays to a top quark and an invisible fermion.
Example diagrams of monotop production are shown in Figure 1.
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Figure 1: Example of monotop production via a neutral flavor-changing current (left) and a
heavy scalar (right).

The effective Lagrangian [8] which describes monotop production by a flavor-changing neutral
current (FCNC) is given by [8]:

L = LSM + Lkin + Vµ(gRc c̄RgµcR + gLc c̄LgµcL) + Vµui[(aFC)
ijgµ + (bFC)

ijgµg5]uj + h.c., (1)

where LSM is the standard model (SM) Lagrangian, Lkin is the kinematic part of the Lagrangian,
aFC = (aR + aL)/2 and bFC = (aR � aL)/2. The aL and aR parameters denote the strengths
of the interactions of the vector field V with the quarks u; the L, R subscript refers to the
left/right handed nature of the interaction. In this search, we assume aFC = bFC = 0.25 for
flavor-changing tu-couplings and also assume a flavor-conserving coupling of the mediator
to u quarks (realized in the above equation by setting i = j) with a coupling constant that
has the same numerical value (0.25). This convention differs from previous monotop searches,
which assume a coupling of 0.1 (Ref. [6]). The change in convention is to facilitate comparison
with other dark matter searches, which adhere to the recommendations from the Dark Matter
Forum, given in Ref. [9].
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1 Introduction

The discovery of a particle consistent with the Standard Model (SM) Higgs boson in 2012 by the AT-
LAS [1] and CMS [2] collaborations has opened up new possibilities in searches for physics beyond the
SM (BSM). Although strong astrophysical evidence [3, 4] implies the existence of dark matter (DM),
there is no evidence yet for non-gravitational interactions between DM and SM particles. The interaction
probability of DM particles, which are produced in SM particle collisions, with a detector is expected to
be tiny. Thus, many searches for DM at the Large Hadron Collider (LHC) involve missing transverse mo-
mentum (Emiss

T ) produced in association with detectable particles (X+Emiss
T final states). In other X+Emiss

T
searches in proton–proton (pp) collisions, X may represent a jet or a �/W/Z boson, which can be emitted
directly from a light quark as initial-state radiation through the usual SM gauge interactions. However,
SM Higgs boson radiation from initial-state partons is highly suppressed, so events with a final state
compatible with the production of a SM Higgs boson in association with Emiss

T can be sensitive probes
of the structure of the BSM physics responsible for producing DM. Therefore, the SM Higgs boson is
expected to be produced from a new interaction between DM and the SM particles [5]. Both the ATLAS
and CMS collaborations have previously searched for such topologies using 20.3 fb�1 of pp collision data
at
p

s = 8 TeV [6, 7], and 2.3–36.1 fb�1 of pp collision data at
p

s = 13 TeV [8–10], considering the SM
Higgs boson decay into a pair of photons or b-quarks in events with missing transverse momentum. This
paper presents an updated search for DM particles (�) associated with the SM Higgs boson (h) decay to
a pair of photons using 36.1 fb�1 of pp collision data collected at

p
s = 13 TeV during 2015 and 2016,

where both the integrated luminosity and the center-of-mass energy are significantly higher than in the
previously published ATLAS analysis [6].
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Figure 1: The Feynman diagrams for the production of DM (�) in association with a SM Higgs boson (h) arising
from three theoretical models considered in this paper: (a) Z0B model, (b) Z0-2HDM model, (c) heavy-scalar model.

Three benchmark models are considered in this analysis. The leading-order (LO) Feynman diagrams
representing the production of h plus Emiss

T in two simplified models [11] are shown in Figures 1(a)
and 1(b). In the first model, a massive vector mediator Z0 emits a Higgs boson and subsequently decays
to a pair of Dirac fermionic DM candidates. A vector-boson mediator arises in many BSM theories
through a minimal extension to the gauge sector of the SM. In scenarios where the DM couples to the SM
only via the Z0 boson (i.e., the Z0B model [5] represented in Figure 1(a)), the associated U0(1) symmetry
ensures the stability of the DM particle. The baryon number B is associated with the gauge symmetry of
U(1)B, and an additional scalar particle (referred to as a baryonic Higgs boson) is introduced to break this
symmetry spontaneously and generate the Z0 boson mass (denoted by mZ0B). The second model (from a Z0-
two-Higgs doublet model (Z0-2HDM) [12], Figure 1(b)) involves the Z0 boson decaying to the SM Higgs
boson and an intermediate heavy-pseudoscalar boson A0, which then decays to a pair of Dirac fermionic
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1 Introduction

The discovery of a particle consistent with the Standard Model (SM) Higgs boson in 2012 by the AT-
LAS [1] and CMS [2] collaborations has opened up new possibilities in searches for physics beyond the
SM (BSM). Although strong astrophysical evidence [3, 4] implies the existence of dark matter (DM),
there is no evidence yet for non-gravitational interactions between DM and SM particles. The interaction
probability of DM particles, which are produced in SM particle collisions, with a detector is expected to
be tiny. Thus, many searches for DM at the Large Hadron Collider (LHC) involve missing transverse mo-
mentum (Emiss

T ) produced in association with detectable particles (X+Emiss
T final states). In other X+Emiss

T
searches in proton–proton (pp) collisions, X may represent a jet or a �/W/Z boson, which can be emitted
directly from a light quark as initial-state radiation through the usual SM gauge interactions. However,
SM Higgs boson radiation from initial-state partons is highly suppressed, so events with a final state
compatible with the production of a SM Higgs boson in association with Emiss

T can be sensitive probes
of the structure of the BSM physics responsible for producing DM. Therefore, the SM Higgs boson is
expected to be produced from a new interaction between DM and the SM particles [5]. Both the ATLAS
and CMS collaborations have previously searched for such topologies using 20.3 fb�1 of pp collision data
at
p

s = 8 TeV [6, 7], and 2.3–36.1 fb�1 of pp collision data at
p

s = 13 TeV [8–10], considering the SM
Higgs boson decay into a pair of photons or b-quarks in events with missing transverse momentum. This
paper presents an updated search for DM particles (�) associated with the SM Higgs boson (h) decay to
a pair of photons using 36.1 fb�1 of pp collision data collected at

p
s = 13 TeV during 2015 and 2016,

where both the integrated luminosity and the center-of-mass energy are significantly higher than in the
previously published ATLAS analysis [6].
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Figure 1: The Feynman diagrams for the production of DM (�) in association with a SM Higgs boson (h) arising
from three theoretical models considered in this paper: (a) Z0B model, (b) Z0-2HDM model, (c) heavy-scalar model.

Three benchmark models are considered in this analysis. The leading-order (LO) Feynman diagrams
representing the production of h plus Emiss

T in two simplified models [11] are shown in Figures 1(a)
and 1(b). In the first model, a massive vector mediator Z0 emits a Higgs boson and subsequently decays
to a pair of Dirac fermionic DM candidates. A vector-boson mediator arises in many BSM theories
through a minimal extension to the gauge sector of the SM. In scenarios where the DM couples to the SM
only via the Z0 boson (i.e., the Z0B model [5] represented in Figure 1(a)), the associated U0(1) symmetry
ensures the stability of the DM particle. The baryon number B is associated with the gauge symmetry of
U(1)B, and an additional scalar particle (referred to as a baryonic Higgs boson) is introduced to break this
symmetry spontaneously and generate the Z0 boson mass (denoted by mZ0B). The second model (from a Z0-
two-Higgs doublet model (Z0-2HDM) [12], Figure 1(b)) involves the Z0 boson decaying to the SM Higgs
boson and an intermediate heavy-pseudoscalar boson A0, which then decays to a pair of Dirac fermionic
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Dark Matter: more to be explored! 

18/12/2017 

}  Many more DM scenarios are actively pursued by ATLAS, CMS and LHCb with 
13 TeV data à yet to be fully considered for HL-LHC. Examples:     

}  DM + bb: b-jets might be forward (|η|>2.4),  
analysis could benefit from extended tracking 

[in progress @ATLAS/CMS]  
 
}  DM +ttbar: several studies on-going (more in Uli’s talk in parallel session) 

}  @ATLAS/CMS: Exploit angular correlations of leptons from top decays (2l+2b+MET 
signatures)  

}  Clear improvements with larger HL-LHC dataset  
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Figure 9. Value of the signal strength that can be excluded at 95% CL as a function of the mass
for scalar (left) and pseudoscalar (right) mediators. The reach with 300 fb

�1 of
p

s = 14 TeV data
is given for a simple counting experiment assuming a 20% systematic background uncertainty (red
curves) and for 5-bin shape fits with both 30% (yellow curves) and 20% (green curves) errors.
A hypothetical shape-fit scenario based on 3 ab

�1 and 20% systematics is also shown (blue curves).

during LHC Run I. As expected from the shapes of the distributions in Figures 7 and 8,
the 5-bin likelihood fit provides a significant improvement over the counting experiment for
high-mass mediators irrespectively of their CP nature. The gain in sensitivity at lower mass
depends strongly on the assumption on the systematic uncertainty of the SM background.
For instance assuming a 20% systematics on the counting experiment and a 30% background
error on the shape fit, we find that the shape analysis will have larger discriminating power
than the simple cut-and-count strategy for M� & 300 GeV and Ma & 100 GeV with 300 fb

�1

of integrated luminosity. If the background for the shape fit can instead be estimated with
an error of 20%, including shape information is expected to be the superior strategy over
almost the entire range of considered masses. In fact, at the LHC with 3 ab

�1 of data
it should be possible to exclude spin-0 models that predict µ = 1 for mediator masses
up to around 400 GeV using the 5-bin likelihood fit employed in our study. The observed
strong dependence of the reach on the assumption on the systematic background uncertainty
shows that a good experimental understanding of t

¯

tZ production within the SM will be a
key ingredient to a possible discovery of DM in the t

¯

t + E

miss
T channel.

We also perform a hypothesis test between the scalar and pseudoscalar mediator hy-
potheses as a function of the mediator mass. Figure 10 shows the value of µ for which
the scalar hypothesis can be excluded at 95% CL in favour of the pseudoscalar one (blue
curve) and vice versa (red curve). Our statistical analysis is based on a 5-bin shape fit
of the |cos ✓``| distributions and employs standard maximum likelihood estimator tech-
niques (see for instance [64]) that are implemented in the RooFit/RooStat package [65].
From the figure it is evident that based on 300 fb

�1 of
p

s = 14TeV data and under the
assumption that the SM backgrounds can be determined with an uncertainty of 20%, it
should be possible to distinguish between the two CP hypotheses for masses M . 200 GeV
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Figure 8. Distribution of the |cos ✓``| variable after employing the full selection requirements as
specified in Section 5. The normalisation corresponds to the numbers of events expected for 100 fb

�1

at
p

s = 14TeV. The error bars indicate the errors on the generated MC statistics.

Our sensitivity study is performed in two ways. First by performing a simple counting
experiment and second by including shape information in the form of a 5-bin likelihood fit
to the |cos ✓``| distributions. The inclusion of shape information is motivated by the obser-
vation that the distributions of events as a function of the pseudorapidity difference of the
dilepton pair is different for signal and background. This feature is illustrated in Figure 8
which compares the predictions for a scalar (blue curve) and pseudoscalar (red curve) as-
suming M = 100GeV, m� = 1GeV and g� = gt = 1 with the SM background (black curve).

Given the presence of a sizeable irreducible background surviving all the selections,
the experimental sensitivity will be largely determined by the systematic uncertainty on
the estimate of the SM backgrounds. Such an error has two main sources: on the one
hand, uncertainties on the parameters of the detector performance such as the energy
scale for hadronic jets and the identification efficiency for leptons, and on the other hand,
uncertainties plaguing the MC modelling of SM processes. Depending on the process and on
the kinematic selection, the total uncertainty can vary between a few percent and a few tens
of percent. The present analysis does not select extreme kinematic configurations for the
dominant t

¯

tZ background, and it therefore should be possible to control the experimental
systematics at the 10% to 30% level. In the following, we will assume a systematic error
of 20% on the backgrounds in the case of the counting experiment. In the case of the 5-bin
shape fits we will consider background uncertainties of both 30% and 20%, fully correlated
across the bins. We have checked that in the absence of an external measurement (e.g. a
background control region) which profiles uncertainties, the use of correlated uncertainties
in the shape fit provides the most conservative results.

The results of our sensitivity study are displayed in Figure 9. Notice that the results
shown for 3 ab

�1 rely on the assumption that the E

miss
T measurement performance in the

very harsh experimental conditions of the HL-LHC will be equivalent to the one achieved
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Methodologies 

18/12/2017 

}  Experiments use different approaches to perform analyses: 
}  Method 1 - truth + smearing (ATLAS): truth-level events overlaid with jets (full sim) 

from pileup library, reconstruct particles (electrons, muons, jets, MET) from truth
+overlay and smear their energy and pT using appropriate smearing functions  
}  Cross checked with some of the ‘real’ data analyses  

}  Method 2 - Full analysis with parameterized detector performance (CMS): use 
DELPHES with up-to-date phase-2 detector performance (tracking, vertexing, timing, 
dedicated PUPPI jet algorithms, increased acceptance, performance of new 
detectors)  
}  Analysis steps (cuts) guided by present analysis. Limited optimization for HL-LHC conditions. 

Cross checks with present analysis.  

}  Method 3: projections (mostly CMS and LHCb) 
}  Existing signal and background samples (simulated at 13 TeV) scaled to higher 

luminosity and sqrt(s)=14 TeV. Analysis steps (cuts) from present analyses.  
}  Three scenarios for systematics: (1) keep present systematics (2) Improved by a 

fixed factor (3) no systematics, only statistics  

}  Each approach has pros and cons and results might be very different 
depending on the assumptions (e.g. on systematic uncertainties, detector 
performances, contributions from rare background)  

Monica D'Onofrio, DM LHC WG 9 



Delphes card  

18/12/2017 Monica D'Onofrio, DM LHC WG 10 

}  The tool for simulating the detector response for HE-LHC studies has been 
discussed at length by the steering group of the YR  

}  Michele Selvaggi prepared the configuration of a generic detector for the 
Delphes package à Most likely, this will be also the tool for "standalone" HL-
LHC studies that some theorist might like to perform.  

}  A kind of "beta-release" of DEPLHES (mainly for standalone HE-LHC studies) is 
now available. 
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Would be good if people could have a look at these tools  
– please let me know if this is the case! 



Summary 

18/12/2017 

}  In the past years, experiments have focused on the completion of the 
detector proposals and optimization of performance  
}  Lot of benchmark studies have been carried out, with continued efforts to 

evaluate the prospects of BSM searches in parallel to data analyses  
}  New ideas are being explored and hopefully we will get more at this 

workshop!  

}  Analyses have been carried out using different approaches 
(projections / truth-smearing / DELPHES) or assumptions (PU, 
modeling uncertainties, treatment of rare backgrounds)  
}  For the YR, we should ensure a coherent set of approaches  

}  DM studies are not yet fully exploited for HL-LHC and 
HE-LHC: huge potential for contributions!  

}  There is also potential also in terms of complementarities:  
}  Push for a synergic approach across HL-LHC experiments in dark matter 

and dark sectors in general  
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