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Introduction

Higgs Boson July 04, 2012 : Discovery BSM
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Opening wide windows in this field for searching on the Higgs properties either
on Standard model or Beyond.
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Inert Doublet Model(IDM) The model

Constraints

IDM in a nutshell

o IDM it is a version of 2HDM with an exact Z; symmetry.

Gt H*
H = (\}E(v—kh-i-iG)) and H, = (}E(SJF/A))

@ The doublet H, is odd under the discrete Z, symmetry and does not
develop a vev, does not couple with fermions.
(= avoid FCNCs.)

@ potential :
V = 131 Hi Hy + 13, Hy Ho +m (HIH1)2 +m2 (H2TH2)2
o (1) (HLF) + 1 (H]18) (L)

+ o [(HiHR)" + (Hith)']

Ayoub Hmissou ayoublhmissou@gmail.com ACHEP 2023



Inert Doublet Model(IDM) The model

Constraints

Higgs Spectrum

@ The spectrum of the model is: h , S, A, H*

@ After minimisation : we left with 7 Free parameters
2
H22, M2, Mp, Ms, MaA, My+ , V

v and my, are fixed = 5 free parameters.

@ The scalar bosons masses :

my = 2mv’ = —2u5;
2 2 2

ms = pxn +nLv
2 2 2

my = pzp + Nsv

1
ml2~li = M§2 + 5773V2

where,

1 1
sz(nmerns) ; ns:§(773+7747775)
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Inert Doublet Model(IDM)

The model

Constraints.

Theoretical constraints

@ perturbative unitarity

Vacuum Stability :

m >0, >0, 13+ 2y/mm >0, n3+n— [ns] > 2/

o Charge-breaking minima :
s < |5

o Inert Vacuum :

m?, mf;, qu7 mf,i >0 and v2,/n1772 + ug > 0.
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Inert Doublet Model(IDM)

The model

Constraints.

Experimental constraints

Contraints from Higgs data at LHC :
- the signal strength of h — vy and h — Z~ from PDG-2022.
- Br(h — invisible) < 11% at 95% CL .

Direct search from LEP :

my+ > 80 GeV, max(ma, ms) > 100 GeV,

ma+ ms > mz and ma+ my+ > my

o electroweak precision through S, T, U .

DM relic density, direct, indirect and collider searche.

tools used : HiggsBounds-5.10.2, HiggsSignals-2.6.2, MicrOmegas-5.2.
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h — ~~ and h — Z~ in the IDM

Feynman diagram

SM-Feynman diagram +
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h — ~~ and h — Z~ in the IDM

The Higgs decay

2

Gro?* m}
MNh— QNCAWT + A (tw) — 7 A7 (T
( 7y) = 128\@32{ (¢) (w) Hi]thﬁ T(Th)
\q/_/ v
Ctop Cw CHi

G2 aomi m? m> N:QrUr
M(h— Zy) ==F = (1 nT% > TAgz(rf, Ar) + AT (Tw, Aw)
f y

Cw
Ctop

2
VWt

= AY?
My Mot nT Ao~ (Tr=)

Cyt

2cW71

with 0y = 212 — 4Qrs?, and vy = "
Here N, is the color factor and Qr the electnc charge of a particle in the loop
[arXiv :1408.0780]
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h — ~~ and h — Z~ in the IDM

Charged Higgs Contribution

1074 -
-4 -2 0 2 4

- W¥ have the most expressive contribution compared to the top quark.

- the charged scalar boson contribution is significantly by some few orders of
magnitude.

- for small 73 =~ 0, |CHi|2 is very suppressed. While for large value of 13
together with light charged scalar boson mass in the range [80, 150] GeV one
can see that |Cy+ | could be between |Ciop|® and |Cyy+ |?, and can get to
|Cyy= |? value as for the vy mode.
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h — ~~ and h — Z~ in the IDM

branching ratio Br(h — ) and Br(h — Z~)
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Figure — Branching ratios : Br(h — ~7) (left panel) and Br(h — Z~) (right panel) as
a function of my+ and the coupling 73.

Theoretical constraints as well as LEP requirements are applied.
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Radiative Correction to hhh

B 5 Invisible Hij
Results and Discussion

Radiative Correction to hhh
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Figure — Diagrams contributing, at one-loop, to the radiative correction of the trilinear
coupling mppy in the IDM. The p=S, A HE

loop loop tree
I—hhh + 6rhhh _ I—hhh
tree
rhhh

AT ppp =
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Radiative Correction to hhh
Invisible Higgs decay and AT ppp

Results and Discussion

Radiative Correction to hhh

Theoretical Constraints : OK Theoretical Constraints : OK
LEP Constraints : OK LEP Constraints : OK
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Figure — correlation between my = ms = my = my+ and 53 with the dot-dashed line

corresponds to the MERM (left) and MIZRM (right) contours.
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Radiative Correction to hhh

Invisible Higgs decay and AT
Results and Discussion nvisible Higgs decay and AT phh

Radiative Correction to hhh

Radiative Correction affected by this excess can reduce
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Figure — theATl py, variation within the (173 — mo) plane at 95% .C.L. We set ny = 2
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Results and Discussion

EGIE

orrection to hhh

Invisible Higgs decay and

Thhh

Invisible Higgs decay and ATl ppp
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Figure — Variation of the Al 4, in the (my+,n3) plane for both cases

o left :quasi-degenerate case, radiative correction could not exceed 63% for
small 3 and light charged scalar boson, with respect to Brin, value.

@ right : 80GeV < ma, my+ < 500GeV , non-degenerate case, radiative
correction becomes almost entirely suppressed.
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Conclusion

Conclusion

o An important effect of the current measurement of the di-photon -, and
the recent Z-photon i, signal strengths on the IDM parameter space can
be occur.

@ As a result, the radiative corrections to the triple Higgs coupling hhh at
the one-loop level is much more affected by this excess on .
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Thank you
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Conclusion

Invisible Higgs decay and ATl ppp

Briny(%)
3 2 4

-2.50 of gy

Figure — The -+, 7, as a function of n3 and my+ with the color coding shows the
invisible branching ratio.

o left : 80GeV < ma, my+ < 500GeV |, non-degenerate case.

o right : 80GeV < ma = myx+ < 500GeV , quasi-degenerate case.
@ 13 =2 and 80GeV < ms < 500GeV
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Conclusion

Dark matter search
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Figure — Variation of the spin-independent cross section og; with dark matter mass mg
where the color coding shows the variation of the 1, coupling

Our parameters have been set in thecwith 7, = 2 .
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