








Case 1: h is SM-like

Taken from E. Bagnaschi et al., arXiv:1808.07542.



Case 2: H is SM-like (Higgs alignment without decoupling)

Taken from E. Bagnaschi et al., arXiv:1808.07542.



How fine-tuned is the alignment without decoupling in the MSSM?

SM-like h SM-like H

Points that do not pass the direct constraints from Higgs searches from HiggsBounds and

from LHC SUSY particle searches from CheckMATE are shown in gray. Applying a global

likelihood analysis to the points that pass the direct constraints, the color code employed

is red for ∆χ2
h < 2.3, yellow for ∆χ2

h < 5.99 and blue otherwise. The best fit point

is indicated by a black star. Near the alignment limit, mh = 125 GeV corresponding to

Z1 ≃ 0.26. Parameter regions with Z6 ∼ 0.05 are compatible with approximate alignment

without decoupling (cf. Z6 = 0 at exact alignment). Taken from P. Bechtle, H.E. Haber,

S. Heinemeyer, O. St̊al, T. Stefaniak, G. Weiglein, and L. Zeune, arXiv:1608.00638.



Adding a Higgs singlet to the 2HDM

Consider a Higgs sector that consists of two hypercharge-one

complex doublet and a complex neutral singlet S. We can define

the doublet fields of the Higgs basis, H1 and H2 as before. The

relevant scalar potential is more complicated than that of the

2HDM. Here we focus on the terms that are relevant for the

scalar squared-mass matrices.
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The squared-mass matrix of the CP-even Higgs bosons with

respect to the basis {
√
2ReH0
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√
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2 ,
√
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is a real symmetric matrix,
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where M 2
A is the 11 element of the CP-odd squared-mass matrix

with respect to the basis {
√
2 Im H0

2 ,
√
2 Im S}.

Exact alignment occurs when (M2
S)12 = (M2

S)13 = 0. That is,

Z6 = 0 , C1 + (Zs1 + 2Zs5)vs = 0 .



The decoupling limit corresponds to MA ≫ v and vs ≫ v and

yields approximate alignment.

Approximate alignment can also be achieved with a combination

of a subset of the above conditions. For example, MA ≫ v [with

Z6 ∼ O(1)] and C1 + (Zs1 + 2Zs5)vs ≃ 0 yields approximate

alignment.



The alignment limit of the NMSSM Higgs sector

The NMSSM adds a singlet superfield Ŝ, which couples to itself

and to the Higgs superfields ĤU , ĤD via the superpotential,

W = λŜĤUĤD + 1
3κŜ

3.

Including the leading one-loop radiative corrections,
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The scalar singlet field S acquires a vev vs. Consequently, an

effective µ term and B term are generated:

µ ≡ λvs , B ≡ Aλ + κvs ,

where Aλ is a soft-SUSY-breaking trilinear scalar coupling

parameter. We can identify

M 2
A ≡ µB

sβcβ
.

Imposing the Higgs alignment conditions for the NMSSM

(namely, Z6 = 0 and C1 + (Zs1 + 2Zs5)vs = 0) yields:
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In the NMSSM with Z6 = 0, one obtains mh = 125 GeV, with

only small contributions from the one-loop radiative corrections.

This leads to a preferred choice of NMSSM parameters,8

λ ≃ λalt ∼ 0.65 , tan β ∼ 2 .
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8See M. Carena, H.E. Haber, I. Low, N.R. Shah and C.E.M. Wagner, arXiv:1510.09137.



The second Higgs alignment condition leads to further

correlations among the parameters of the NMSSM Higgs sector.
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Near the Higgs alignment limit, we have mA ≃ mH ≃ MA.



Conclusions

• In light of the LHC Higgs data, one of the Higgs mass eigenstates is

approximately aligned in field space with the direction of the Higgs vev.

• Higgs alignment is approximately satisfied in the decoupling regime where

mA ≫ mh. But, approximate Higgs alignment can also be achieved

without decoupling if the Higgs basis parameter |Z6| ≪ 1.

• Higgs alignment without decoupling is possible in the MSSM, but it is

achieved in a parameter regime in which there is an accidental approximate

cancellation between tree-level and loop-level contributions to Z6.

• Regions of approximate Higgs alignment without decoupling must

necessarily appear in any comprehensive scan of the MSSM parameter

space. This regime is still possible in light of current LHC data.

• Higgs alignment without decoupling in the NMSSM can arise in a

compelling region of the parameter space, which leads to intriguing
correlations among Higgs sector parameters.


