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Motivation: 
• Inert Doublet Model (IDM): Two Higgs Doublet 

Model with Dark Matter candidate 
• Dark Matter may be tested in the LHC 
• Various searches with MET and leptons or jets: 

 ATLAS: e.g.[1407.7494], [1404.0051], [1309.4017], 
[1403.5204] 

 CMS: e.g.[1408.2745], [1402.4770], [1303.2985] 

• Dilepton + MET channel relatively clean 
• IDM is one of the simplest DM scenarios 

 SM-like Higgs  
 DM in agreement with data  

see talk by Bogumiła Świeżewska 



Inert Doublet Model 

• Only 5 free parameters (MH, MA, MH+, λ2, λ345) + Mh 

• No mixing between states 

• 4 dark particles, 1 DM candidate (H) due to exact Z2 
symmetry 

• Dark sector communicates with SM only through vector 
bosons and Higgs portal 

 



Our signal: 2l+MET 

[0909.3094] 



What was done previosly 

• The phenomenological studies of l+l-+MET signal from 
IDM proposed by Dolle, Miao, Su, Thomas [0909.3094] 

• P. Swaczyna’s MSc Thesis [2013]: automated scan of 
parameter space 

 Event generation in Pythia 

 For 8 TeV 

 Tested for DM in mass range 10-150 GeV 

 A in mass range 65-170 GeV 

 Two scenarios: MH+ ≥ MA and MH+ = 70 GeV 

 Automated cut optimization 



Parameter cuts: 
• Level I [as in 0909.3094]: 

 Two leptons with oposite charge 

 pTl ≥ 15GeV and ηl ≤ 2.5 

 pTjet ≤ 20GeV and |ηjet|> 3.0 

 Separation: ΔRljet > 0.4  

 ETmiss > 30GeV 

• Level II (optimised to maximize S/√𝐵): 
 Mll

min ≤ Mll ≤ Mll
max [Mll

max = MA
 - MH, Mll

min = 10n;  

  for MA
 - MH ≥ MZ

 : Mll
min =80GeV, Mll

max =100GeV ] 

 Separation: ΔRll ≤ ΔRll
max   [= 0.1n, n ∈  [1,40]] 

 Azimuthal angle: cos(θll) ≥ cos(θll
min)  [=-1+0.1n, n ∈  [1,20]] 

 pTl1 + pTl2 + pTmiss ≥ HT
min  [25n, n ∈  [1,20]] 

 ETmiss ≥ Etmiss
min [20+10n, n ∈  [1,8]] 

 pTl1, pTl2 ≤ pTll
max [20n, n ∈  [1,40]] 

 

 

 



What was done previosly 

Year 2013 



Improvements 

• Test with extended set of constraints: 
 Positivity 

 Vacuum stability (+ Inert vacuum condition) 

 Perturbativity, perturbative unitarity 

 STU and Δρ parameters 

 LEP and LHC exclusion limits 

 

• Adding all possible channels to signal and SM 
background 

• This requires use of different MC generation tools 

• Specify SM bkg by final state 

 

 A.Ilnicka, T. Robens, M. Bach 



SM background 

• To treat quantum interference correctly we 
use assignment with final state particles only  

• Channels of interest: 

 llνν [WW, ZZ/γ*] 

 lljj [WZ/γ*] 

 llννb [Wt] 

 llννbb [tt] 



New simulation chain 

Generation of 
parameter cards 

and check on 
available constraints 
with use of 2HDMC 
and HiggsBounds 

Parton level  
generation in 

MadGraph with 
InertDoublet_UFO* 

(from FeynRules) 

Hadronisation in 
Pythia through Les 

Houches file 

Cut optimization 
and visualization 

* A. Goudelis, B. Herrmann, O. Stål *1303.3010+ 
 



Preliminary results 
- the process contributions [for MH+ ≥ MA ] 



Preliminary results 
- the process contributions [for MH+ = 70 GeV]  



Outlook 

• Generation of signal with llννHH 

• SM bkg requires matching with shower 

• Constraints from DM searches  

• Redo plots with improved event generation 

• Predictions for 14 TeV LHC run 

 



Summary 

• l+l- + MET is a clean signal which may be used for 
discovery of DM from IDM in LHC 

• Some parameter points have significance over 3σ 

 

• Work in progress 

• Dear experimentalists, please check some most 
promising points 
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Lambda 2  



InertDoublet_UFO crosscheck 


