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We show how the imaginary parts of the Higgs-Boson self-energies in the MSSM are
consistenly taken into account in the Higgs-Boson mass determination. In a numerical
example we find effects of 5 GeV in the mass difference of the two heavy neutral Higgs
bosons. The imaginary contributions have been included into the code FeynHiggs.

1 Introduction

A striking prediction of models of supersymmetry (SUSY) [2] is a Higgs sector with at
least one relatively light Higgs boson. In the Minimal Supersymmetric extension of the
Standard Model (MSSM) two Higgs doublets are required, resulting in five physical Higgs
bosons: the light and heavy CP-even h and H , the CP-odd A, and the charged Higgs bosons
H±. The Higgs sector of the MSSM can be expressed at lowest order in terms of MZ , MA

and tanβ ≡ v2/v1, the ratio of the two vacuum expectation values. All other masses and
mixing angles can therefore be predicted. Higher-order contributions give large corrections
to the tree-level relations. The limits obtained from the Higgs search at LEP (the final LEP
results can be found in Refs. [3, 4]), place important restrictions on the parameter space of
the MSSM.

For the MSSM with real parameters (rMSSM) the status of higher-order corrections to
the masses and mixing angles in the Higgs sector is quite advanced. The complete one-
loop result within the rMSSM is known [5, 6, 7, 8]. The computation of the two-loop
corrections has meanwhile reached a stage where all the presumably dominant contributions
are available, see Refs. [9, 10] and references therein. Leading three-loop corrections have
recently been obtained in Ref. [11]. The remaining theoretical uncertainty on the lightest
CP-even Higgs boson mass has been estimated to be below ∼ 3 GeV [9, 12, 13]. The public
code FeynHiggs [9, 14, 15, 16] is based on the results obtained in the Feynman-diagrammatic
(FD) approach [9, 14, 17, 18]; it includes all available corrections in the FD approach. For
the MSSM with complex parameters (cMSSM) the full one-loop result in the FD approach
has been obtained in Ref. [16], and the corresponding leading O(αtαs) corrections can be
found in Ref. [19].

2 Imaginary Contributions to Higgs-boson self-energies

The propagator matrix of the neutral Higgs bosons h, H, A can be written as a 3×3 matrix,
∆hHA(p2). The 3 × 3 propagator matrix is related to the 3 × 3 matrix of the irreducible
vertex functions by

∆hHA(p2) = −
(

Γ̂hHA(p2)
)−1

, (1)
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where

Γ̂hHA(p2) = i
[

p21l − Mn(p
2)

]

, (2)

Mn(p2) =





m2

h − Σ̂hh(p2) −Σ̂hH(p2) −Σ̂hA(p2)

−Σ̂hH(p2) m2

H − Σ̂HH(p2) −Σ̂HA(p2)

−Σ̂hA(p2) −Σ̂HA(p2) m2

A − Σ̂AA(p2)



 . (3)

The three complex poles M2 of ∆hHA, eq. (1), are determined as the solutions of

M2

i − m2

i + Σ̂eff

ii (M2

i ) = 0 , i = h, H, A . (4)

The effective self-energy reads (no summation over i, j, k)

Σ̂eff

ii (p2) = Σ̂ii(p
2) − i

2Γ̂ij(p
2)Γ̂jk(p2)Γ̂ki(p

2) − Γ̂2

ki(p
2)Γ̂jj(p

2) − Γ̂2
ij(p

2)Γ̂kk(p2)

Γ̂jj(p2)Γ̂kk(p2) − Γ̂2

jk(p2)
, (5)

where the Γ̂ij(p
2) are the elements of the 3× 3 matrix Γ̂hHA(p2) as specified in eq. (2). The

complex pole is decomposed as
M2 = M2 − iMΓ, (6)

where M is the mass of the particle and Γ its width, We define the loop-corrected mass
eigenvalues according to

Mh1
≤ Mh2

≤ Mh3
. (7)

In our determination of the Higgs-boson masses we take into account all imaginary parts
of the Higgs-boson self-energies (besides the term with imaginary parts appearing explicitly
in eq. (4), there are also products of imaginary parts in Re Σ̂eff

ii (M2
i )). The effects of the

imaginary parts of the Higgs-boson self-energies on Higgs phenomenology can be especially
relevant if the masses are close to each other. This has been analyzed in Ref. [20] taking
into account the mixing between the two heavy neutral Higgs bosons, where the complex
mass matrix has been diagonalized using a complex mixing angle, resulting in a non-unitary
mixing matrix. The effects of imaginary parts of the Higgs-boson self-energies on physical
processes with s-channel resonating Higgs bosons are discussed in Refs. [20, 21, 22]. In
Ref. [20] only the one-loop corrections from the t/t̃ sector have been taken into account for
the H–A mixing, analyzing the effects on resonant Higgs production at a photon collider.
In Ref. [21] (using the code CPSuperH [23]) the full one-loop imaginary parts of the self-
energies have been evaluated for the mixing of the three neutral MSSM Higgs bosons. The
effects have been analyzed for resonant Higgs production at the LHC, the ILC and a photon
collider (however, the corresponding effects on the Higgs-boson masses have been neglected).
In Ref. [22] the t̃/b̃ one-loop contributions (neglecting the t/b corrections) on the H–A mixing
for resonant Higgs production at a muon collider have been discussed. Our calculation [16,
24] incorporates for the first time the complete effects arising from the imaginary parts of the
one-loop self-energies in the neutral Higgs-boson propagator matrix, including their effects
on the Higgs masses and the Higgs couplings in a consistent way.

3 Numerical example

In order to study the impact of the imaginary parts of the Higgs-boson self-energies, it is
useful to compare the full result with the “ImΣ = 0” approximation, which is defined by
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performing the replacement

ImΣ = 0 approximation: Σ(p2) → Re Σ(p2) (8)

for all Higgs-boson self-energies in eq. (3). The numerical example has been obtained for
the following set of parameters:

MSUSY = 500 GeV, |At| = Ab = Aτ = 1000 GeV,

µ = 1000 GeV, M2 = 500 GeV, M1 = 250 GeV, mg̃ = 500 GeV,

µ
DR

= mt = 171.4 GeV [25]. (9)

|At| = 1000 GeV

tan β = 15

tan β = 5

MH± = 1000 GeV
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Figure 1: The mass difference ∆M32 := Mh3
− Mh2

is shown for tanβ = 5, 15 and
MH± = 1000 GeV as a function of ϕAt

(left) and for ϕAt
= π, MH± = 700, 1000 GeV

as a function of tanβ (right). The solid line shows the full result, the dotted line the
“ImΣ = 0” approximation. The other two lines correspond to other Higgs-boson self-energy
approximations, see Ref. [16] for details.

In Fig. 1 we show an example of the effects of the imaginary parts of the Higgs-boson
self-energies, i.e. the comparison of the full result with the “ImΣ = 0” approximation as
defined in eq. (8). In the left plot we show ∆M32 := Mh3

− Mh2
as a function of ϕAt

for
tan β = 5, 15 and mH± = 1000 GeV. In the right plot we display ∆M32 as a function of
tan β for mH± = 700, 1000 GeV and ϕAt

= π. Here ϕAt
denotes the angle of the complex

valued trilinear coupling At. The other parameters are given in eq. (9). As one can see
from the plot, the difference between the full result and the approximation with neglected
imaginary parts is often ∼ 1 GeV and can become as large as about 5 GeV.
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