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Inert Doublet + Pseudoscalar (IDM + PS) Model
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The scalar potential :

a  Dark matter candidate≡Higgs bosons : h , H, , A , a         ( )H± mA > ma

12 input parameters : 

Relevant couplings 
fixed by the Model :

V(Φ) = μ2 |Φ |2 + λ |Φ |4SM Higgs potential : + + η2

Additional fields

no Yukawa



IDM + PS Model : Constraints
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Controls the DM 
annihilation rate 

DM annihilation process in 
the region  ma ∼ mh/2

… Calculated by Kodai

We choose the following benchmark point :

From electroweak oblique parameter constraints : mH = mH±

λL ∼ 1.449 × 10−3

 GeV, , ,  GeV.ma = 62.6 λ1η = 0.1 θ =
π
4

μ2 = 84.38

satisfies dark matter relic density and direct detection bound.
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IDM + PS Model : Signal and parameter values

Mono-h signal in IDM+PS model

No current search for mono-Higgs in VBF channel.

Appreciable production rate for VBF production.

Advantage of having VBF topology for reducing backgrounds.
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√S = 14 TeV

v = 246 GeV
mh = 125 GeV
mA = [200 : 1000] GeV

mH = mH± = mA + 100 GeV
ma = 62.6 GeV

θ =
π
4

λη = λ1η = λ2η = λ2 = 0.1
μ2 = 100.727 GeV

Γ(h) = 4 MeV
Γ(a) = 0

Br(A → ha) = 100 %
Br(H± → W±A) + Br(H± → W±a) = 100 %

Br(H → Z A) + Br(H → Za) = 100 %

Initial values :

�� → �± �
�� → �+ �-

�� → � �

��� ��� ��� ��� ����

�����
�����

�����
�����

�����
�

�

�� (���)

σ
(��

)

√S = 13 TeV



Mono-Higgs Signal and Backgrounds
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Feynman diagrams for the signal process : pp → aAjj, A → ah, h → bb̄

Backgrounds :  ,   QCD 2b 2j 2 , Vh + jets, VV + jets,  X +jets,   single tt̄ ν tt̄ t

VBF topology, Final state : 2 b-jets + 2 forward light-jets + ET

(V = W/Z ) (X = h /W/Z )

ggF  +  analysis : ATLAS-CONF-2021-006h → bb̄ ET

VBF  analysis : 2011.08280h → bb̄
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Collider Analysis : Event selection
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A. 2 b-jets ( ) with  GeV and  .

B. 0 leptons ( ) with  GeV and  .

C. At least 2 light-jets ( ) with  GeV and  .

D. with/without : Two forward light jets :   , jets are  ordered.

E. Generation level cuts :  GeV and  GeV.

Nb = 2 pT > 30 |η | < 4.0
Nℓ = 2 pT > 20 |η | < 4.0

Nj ≥ 2 pT > 30 |η | < 4.0
ηj1 * ηj2 < 0 pT

ET ≥ 50 mjj > 400

b-tag efficiency : 77% 

c mistag : 20.4%

light jet mistag : 0.9%

Signal process is generated with IDM + pseudoscalar Model.

Madgraph (parton level process)  Pythia (showering)  Delphes (detector analysis)→ →

1907.05120 HL-LHC detector card 

CERN Yellow Report

https://e-publishing.cern.ch/index.php/CYRM/article/view/952


Signal process for  GeV.

Backgrounds: QCD 2b 2j 2    and   - hadronic (different tag-efficiencies)

mA = 300, 400/500
ν tt̄

https://e-publishing.cern.ch/index.php/CYRM/article/view/952


Collider Analysis : Kinematic variables
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Invariant mass of di-jet pair
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Transverse momentum of di-jet pair
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Collider Analysis : Kinematic variables

8Total number of light jets Scalar  sum of visible objectspT
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Collider Analysis : Kinematic variables
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 separation between hardest jetsΔη Maximum  separation between jetsΔη
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Collider Analysis : Kinematic variables
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Invariant mass of  pairbb̄  separation between b-jetsΔR
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Collider Analysis : Kinematic variables
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Vectorial/scalar  sum of visible objectspT Stransverse mass
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hep-ph/9906349, 1309.63182011.08280
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Collider Analysis : Kinematic variables
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Missing energy

 [GeV]TE
40 60 80 100 120 140 160 180 200

N
or

m
al

is
ed

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4
 = 300 GeVAm

 = 500 GeVAm

-hadtt

QCD

HL-LHC

η j1
*

η j2
<

0

 [GeV]TE
40 60 80 100 120 140 160 180 200

N
or

m
al

is
ed

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
 = 300 GeVAm

 = 400 GeVAm

-hadtt

QCD

HL-LHC



Backup Slides
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Collider limit on IDM + PS model


1 Initial values of parameters

v = 246 GeV

mh = 125 GeV

mA = [200 : 1000] GeV

mH = mH± = mA + 100 GeV

ma = 62.6 GeV
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Figure 1: Production cross-section at
p
s = 13 TeV.

2.2 ggF and VBF aA production

– 2 –

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/
SUS-21-008/index.html

… From Kazuki
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ents s
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Summary of ATLAS-CONF-2021-006 
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Taggging efficiencies from CERN-EP-2019-132, 1907.05120 



