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The Inert Doublet Model
SM-like Higgs: IDM Higgs:

„Higgs boson”: New particles: 



 

● One of the simplest extensions of SM
● Additional scalars does not couple to fermions
● The lightest new scalar H is stable

→ good dark matter particle candidate
● Some theoretical and experimental constraints already exist

Parameters                      + 2 coupling constants

5 free-parameter space

SM-like Higgs: IDM Higgs:

New particles: „Higgs boson”: 
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The Inert Doublet Model



 

Parameter space
JHEP 1812 (2018) 081, arXiv:1809.07712,Considered benchmark points from

for two scenarios:
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https://arxiv.org/abs/1809.07712


 

● Consistent with current theoretical and experimental constraints
● Masses up to 1 TeV
● Decay rates predicted from the SM parameters

JHEP 1812 (2018) 081, arXiv:1809.07712,Considered benchmark points from
for two scenarios:

Parameter space

A.F. Żarnecki, ALPS2019
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https://arxiv.org/abs/1809.07712
https://indico.cern.ch/event/757995/contributions/3331014/attachments/1833364/3004120/zarnecki_idm_alps2019.pdf


 JHEP 1907 (2019) 053, arXiv:1811.06952

● Different flavour leptons
● μee pair in the final state

● Same flavour leptons
● μeμe pair in the final state

Generator level cuts reflecting detector acceptance
Detector response/efficiency not included
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Previous strategy (fully-leptonic)

https://arxiv.org/abs/1811.06952


 

● Many high-mass points below     threshold
● No discovery potential for

(μee pair)(μeμe pair)

sensitivity limited 
by signal statistics
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JHEP 1907 (2019) 053, arXiv:1811.06952

Previous results (fully-leptonic)

https://arxiv.org/abs/1811.06952


 

 

Expected signature of the final state:
One lepton,    or   , and a pair of jets

Dominating background:

Semi-leptonic channel one order higher statistics!
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Strategy (semi-leptonic)



 

 

● 23 benchmark points (BP) considered
● Event samples generated with Whizard 

2.7.0
● Using CLIC beam spectra for 1.5 TeV 

(2000 fb-1) and 3 TeV (4000 fb-1)

Output

● Assuming -80% beam polarisation

 

Expected signature of the final state:
One lepton,    or   , and a pair of jets

Dominating background:

Semi-leptonic channel one order higher statistics!
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Strategy (semi-leptonic, fast sim.)



 

10

Now, let’s check the full simulation

Semi-leptonic channel results 
(fast-simulation):

● Big improvement, compared to the full leptonic channel
● Four BP below      at 1.5 TeV (and four beyond kinematic reach)

● Only one BP (with the lowest cross-section) below      at 3 TeV

Full-leptonic channel results:

JHEP 1907 (2019) 053, arXiv:1811.06952
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Previous results

https://arxiv.org/abs/1811.06952
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Event samples generated with WHIZARD 2.7.0 for CLICdet (model CLIC_o3_v14),
Polarisation: P = -80%, assumed luminosity: 2000 fb-1 (1.5 TeV) and 4000 fb-1 (3 TeV)

Lepton reconstruction: Isolated Lepton Finder
● 1.5 TeV: SelectedPandoraPFOs collection
● 3 TeV: TightSelectedPandoraPFOs collection

Jet reconstruction: Marlin Fast Jet (Pandora PFOs without isolated leptons)

1.5 TeV 3 TeV

Sample qqlv qqll ll qqqq qqlv qqll ll qqqq

Sample 
ID

14676, 
14677

14692, 
14693

14397 13769 14545, 
14546

14654, 
14655

14382 13394

Cross 
section 

[fb]
7001 2715 1406 1943.2 8672 3180 1664.98 902

Reconstruction



 

Require:
● exactly one isolated lepton
● no isolated photons over 10 GeV
● additional objects in the detector

with pT less than 20 GeV
● two exclusive jets (VLC:                                             )

(1.5 TeV)     (3 TeV)

Lepton reconstruction: Isolated Lepton Finder
● 1.5 TeV: SelectedPandoraPFOs collection
● 3 TeV: TightSelectedPandoraPFOs collection

Jet reconstruction: Marlin Fast Jet (Pandora PFOs without isolated leptons)

Only 5 IDM scenarios: BP21, BP23, HP3, HP17, HP20
● wide range in        and
● background also limited

Strategy (semi-leptonic, full simulation)
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Examples of the signal for on-shell W (BP21) and off-shell W* (HP17):

fast 
sim.

full 
sim.

Kinematic distributions, 1.5 TeV
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Examples of the signal for on-shell W (BP21) and off-shell W* (HP17):

Kinematic distributions, 3 TeV
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fast 
sim.

full 
sim.



 

 

● Signal to background ratio improvement

1.5 TeV
Preselection results
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● Signal to background ratio improvement

3 TeV
Preselection results
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BDT, input variables: Separate trainings:
● for samples with 
off-shell W*

● for samples with 
on-shell W

Selection was NOT optimised for particular scenario!

Multivariate analysis
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BP21 HP17

● Good signal significance after BDT analysis

● Sufficient signal efficiency after cut on BDT (~10-30%)

1.5 TeV off-shell W*on-shell W

BDT results
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BP21 HP17

● Decent signal significance after BDT analysis

● Sufficient signal efficiency after cut on BDT (~15%)

3 TeV off-shell W*on-shell W

BDT results

19   27/04/20        Jan Klamka     Full simulation results for IDM scalar searches at high energy CLIC



 

● Good results at 1.5 TeV, a little bit worse at 3 TeV
● Small gap for scenarios with on-shell W
● Higher decrease in significance for scenarios with smaller 

1.5 TeV: 3 TeV:

Results (fast vs. full simulation)
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● Plot shows the difference for the limited background in fast simulation
● Small gap for scenarios with on-shell W
● Higher decrease in significance for scenarios with smaller 

Results (fast vs. full simulation)
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Thank you!

● Cross-check of DELPHES fast simulation analysis of 
the CLIC potential for discovering IDM scalars was done 
with the full simulation.

● Full simulation confirms earlier estimates.

● Charged IDM scalars pair-production can be observed up 
to masses of the order of 1 TeV

Summary
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BACKUP
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Full results
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Full results (fast simulation)
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Influence of pre-clustering, HP17, 1.5 TeV
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Kinematic variables distributions, 1.5 TeV
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fast 
sim.

full 
sim.



 

 

 

Kinematic variables distributions, 1.5 TeV
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fast 
sim.

full 
sim.



 

 

Kinematic variables distributions, 1.5 TeV
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fast 
sim.

full 
sim.



 

 

Kinematic variables distributions, 3 TeV
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fast 
sim.

full 
sim.



 

 

 

Kinematic variables distributions, 3 TeV

32   27/04/20        Jan Klamka     Full simulation results for IDM scalar searches at high energy CLIC

fast 
sim.

full 
sim.



 

 

Kinematic variables distributions, 3 TeV
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fast 
sim.

full 
sim.



 

Significance vs. cross section (fast sim.)
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Results (fast sim.)
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Benchmarks
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Benchmarks
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