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Motivations for 2HDMs

@ The best known motivation is supersymmetry.

@ The generation of CP violation.

@ Some motivations come from axion models.

@ the generation of the baryon asymmetry of the Universe.
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Brief review on 2HDM
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@ 5 Higgs bosons: Ht, H—, and 1 CP-odd A°.
@ 7 free parameters:
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Brief review on 2HDM

Types of 2HDM:
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Brief review on 2HDM

Theoretical Constraints:
@ Stability conditions on \;:

The scalar potential is bounded from below only if the following conditionss are
satisfied.

A2 > 0;23 > —v/ A2, Ag + Ag — [As| > —v/ Ao

@ Perturbativity and Unitarity conditions
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Brief review on 2HDM

Experimental Constraints:
@ Limits from b — s in 2HDM-2.

@ The p parameter constraint.

@ The signal strength :

a(gg N hO)ZHDMr(hO N XX)ZHDM
a(gg — hO)SMIL (0 — xx)SM

Hxx =
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h — bband h — 71+ in the Two-Higgs-Doublet Model

@ Some contributions that don’t exist in the SM:
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Figure: S stands for HE, A% H® and F represents (b, t) for h — bband 7 for h — 7+~
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h — bband h — 71+ in the Two-Higgs-Doublet Model

@ At one-loop order the amplitude can be written as follows,

igm
My == 2T /Z, [€h(1 + BMy) + €l A 1)
my
Where
AMy = VP4 5(hff) @)
Y, o(m?
AMyp = Mﬂsa,
mhimHU
o > —1
Zy = [t+spmi)] (3)
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h — bband h — T~ in the Two-Higgs-Doublet Model

@ At one-loop order the decay width of the Higgs-boson into bb and 717~ is given
by the following expressions:

NcGFm?
421
= To(h— HZ, {1 — Ar+ 2§R(AM1)} , (4)

ri(h— ff) Bmy (€1)2 z, [1 — Ar + 2R(AM; )]

where 82 =1 —4m2/m2.
@ The central part of the computation is thus the determination of AM;.

@ We used the on-shell scheme for determination of the counterterms, with the
exception that the field renormalization constants for the two Higgs doublets are
determined in the MS scheme.
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h — bband h — 71+ in the Two-Higgs-Doublet Model

We can derive from the potential the following triple Higgs couplings:

M ﬁ {(2%% + $2055—a)S2aM — 4c§_acﬁ+am$2]
Nomorp = ; %V;%g {(mﬁ +2mE,)S20 525 — 2(3S2 + Szﬁ)ffﬁz}
U = G (T 2900 g (s — 2
mySsw 25
Noaoao = *% m;sW [(Zmio m3)Ss—a + zsi;“ (MBsps — 2m122)} (5)

In the decoupling regime, with « — 8 — 7/2, these couplings become:
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h — bband h — 71+ in the Two-Higgs-Doublet Model
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h — bband h — 71+ in the Two-Higgs-Doublet Model

@ To parameterize the quantum corrections, we define the following one loop ratios:

A T8¥M(h— bb) | rEHDM(p o)
T rSMh S bb) T TM(h o)

@)

these 2 ratios will take the following form:

Zp(1 — Ar2HDM 1 oR( A NMEHDM
ay = 2 TERAMITT) y_p s (®)
(1 — ArSM 4+ 2R(AMSM))

@ An other observable that could help in distinguishing between models is the ratio
of branching fractions given by:

R = BR(h — bb)/BR(h — 7+77) 9)
2HDM
R _ Abb (1 0)
RSM T A
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h — bband h — 71+ in the Two-Higgs-Doublet Model
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Figure: Scatter plot in the decoupling limit for A in the plane (My+, m?,) in four types of THDMs.
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h — bband h — 71+ in the Two-Higgs-Doublet Model
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Figure: Scatter plot in the decoupling limit for Ay in the plane (tang, m122) in four types of THDMs.
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h — bband h — 71+ in the Two-Higgs-Doublet Model
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Figure: Scatter plot in the decoupling limit for RZQBM in the plane (M1, m2,) in the type 1 and 2.

Triple Higgs coupling effect on h — bb and h



Conclusion

@ the numerical evaluation of the Higgs boson couplings at the one-loop in some
extensions of the SM is essentially important to find out the structure of the Higgs
sector.

@ Precision Measurements of h — bb and h — 77~ can be used to distinguish
between THDM and SM.
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